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whether 
you 
think 


type engine. Illustrated above is the crankshaft 
forging for the most powerful piston-type air- 


of craft engine ever produced, 


Ihe history of Wyman-Gordon’s At the bottom left is a turbine disc forging made 
contobution to aircraft: progress from high density heat resisting alloy, and 
dates from the inception next to it is a titanium compressor wheel 
of the “flying machine forging for two of the most powerful jet engines 

The jet age is now calling vet produced. 


on the unparalleled resources 
of Wyman-Gordon, which include 


the widest range of hammer and ~ 
pore equil ment and the ureatest 
techotcal know-how in the tadustry 


larger and more ttricatt 


than beretofore available of 


tHlaminum and magnesium are being 
| roduced on pore up to ton 
capacity, and grant hammers are 
fulfilling the growing necd for 


forgings of high density 


materials or so-called super alloys 
Now is for me irly » years 

there i no substitute for 

Woy man Gordon eX perience ind ability 
for Keeping Ahead of Progress. 


WYMAN-GORDON COMPANY 
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| PERSONNEL 


| HE follow ng employment items are made 


available to AIME members on a non 
protit basis by the Engine enng Societies Per 
noel Serwece Ine Ag ney operating in 
»peration with the Four Founder Societies 
Local ottices of the Personnel Service are at 
AW 40th St. New York 18, 100 Farnsworth 
Ave Detroit, 57 Post St. San Francisco, 84 
E Randolph St Chicago | Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 


im stamps for forwarding and re turning appli 


PROCESS METALLURGISTS 


cation The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 


POSITIONS OPEN — 


Metallurgist or Metallurgical En- 


year 


gineer, to inage powder metal 
part ! Must nave full 
r ‘ of the r 
i p tn ! 
‘ irute t! 
} py } etter tat 
‘ ote i 
t W 43476 
METALLURGICAL ENGINEER 
BATTELLE MEMORIAL INSTITUTE 
505 King Avenue 
Columbus | Ohio 


Research metallurgists, 


materials 


design and operation 


accomplishments 


ments in complete confidence to 


1] Chemical Lane 
Boston 49, Massachusetts 
Att. Mr. W. C. Maxwell, Jr 


MONSANTO CHEMICAL COMPANY 
INORGANIC CHEMICALS DIVISION 


offers immediate openings for 
chemists, 
physical scientists, BS, MS, Ph.D, preferably with some experience 

Outstanding opportunities to participate and lead in new expanding 
research efforts on novel and improved routes for recovery of chemical 
and metallurgical values from native ores and commercial raw 


Field covers entire spectrum of exploratory and fundamental labora 
tory investigations, process development and improvement, pilot plant 


Backgrounds in hydrometallurgy, beneficiation, solvent extraction, 
ion exchange and related fields of extractive metallurgy helpful 
Broad freedom of action, professional and individual recognition of 
Extraordinary company benefits 

Send resume of education, experience, availability, and salary require 


MONSANTO CHEMICAL COMPANY 
Inorganic Research 


chemical engineers, ceramists, 


710 North 12th Street 
St. Lours 1, Missouri 
Att: Mr. N. A. Sargent 


Senior Engineers, metals proce 
ae velopment 30 to 45 B.S. o1 equly 
alent, with five to ter ea vork 


with and application of metalwork- 


ingg proce ( example tamping 
ext or ( rif aecp ara ng 
punch pl etc.). Will a t in 
cal out ce pany-wide hiple 
production pre im (plastic forming 
of meta lirect and pertor! daeve 
OF ent ork i etal to pro 
‘ in laborator 
or It of netal forming probien 
ich as dit material ibricant 
eq iipment and cost Salary $10 


000 to $12.000 a year. Location, up 


tute New York W 4346 


Metallurgists, B.S. degree in engi 


neering, young, for both plant pro 
ductior ind research and de velop 
ent problen involved in stainle 


nufacturing Excellent op 


STAINLESS STEEL METALLURGIST 


For Technical Service 


POWDERED METALS 
PROJECT ENGINEERS 


Experienced in production 
and development with met 
allurgical mechanical or 
electrical background. Must 
be capable of supervision 
ver salaried and hourly per 
furnaces 


sonnel on presse 


etc 


Experience in tool design 
and fabrication is desirable 


Will work with iron, brass 


bronze and alloy powders 


Excellent 
advancement in new divi 
f 
Liberal benefits and salary 


commensurate with experi 


opportunities for 


large corporation 


ence 


M tr 
for { wdered metals produc 
tion. In rural location close 


dern plant desi yned 


to large industrial areas 


EATON MANUFACTURING COMPANY 
POWDERED METALS DIVISION 
COLDWATER, MICHIGAN 
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Additional classified advertis- 
} ing appears on pages 148, 150, § 
} and 15] 
portunity tablished in 
organization 


be come 
large an ere 
vith new 
Salary 
W4305 


grade of 
teel Loca 


East 


open 


Chief Metallurgist, with meta! 
lurgy deg e from accredited engi 
Should have mini 

eight to ten years experi 
foundry, particularly proce 
production Salary $12,000. Com 
pany will pay placement fee and 
noving expense Ohio 
W4283(a) 


chool 


ence n 


Location, 


Physicist-Metallurgist, B.S in 
with major 
young, with 
powder metal 


chemical engineering, 
n physi netallurgy; 
experience in 


background in physical metallurgy, 
25 to 35, to assist in conducting met 
allurgical research in the physical 
metal uch as weld 
ing rods and alloy and to work 
with foundry and mold _ problen 

Salary, $6000 to $8000 a vear includ 
Location, Pennsylvania 


propertie ol 


ing a bonu 
W4270(b) 


Metallurgists or Metallurgical En 
gineers, B.S. or higher in metallurgy, 
with one to three years experience 
in development of materials or in 
quality contro] Salary, $6000 to 
$9000 a year. Company pays place 
relocation expense 


W4249 


ment fee and 
Location, Connecticut 


Sales Manager, cnuineering de 
gree, for company engaged in metal 
field Any 
with rolling mill, wire mill equip 
ment desirable. Salary, $10,000 plu 
a year. Company will negotiate fee 
Location, New York metropolitan 


proce ing experience 


= 


Engineering 


Societies 
Personnel 


Service Inc. 


Under the auspices of the Four Founder 
Engineering Societics and affiliated with 
other renowned Engineering Societies, ESPS 
offers many years of placement experience 


in addition to world wide contacts 


Write for ESPS weekly bulletin of Positions 
Available See the partial listing of avail 
able positions on these pages 


DON'T DELAY—. 


ome experience or know! area. W436] 
in the use and operation of ga 
Will work under 
direction of director of a battery 
laboratory and will have 
intering or Ph.D. degree 


REGISTER NOW 
Graduate Fellowships, in physica! 
metallurgy. Full time academic and 
experimental work leading to M.S 
Salary, to $2700 pel 
Sal academic year plus free tuition. Po Detroit 
ibility of ummer employment 
Available July or September 1957 
W4361 


ring furnace 


New York Chicago 
earcn W. 40th St 4¢t Randolph 
chnical control of plaque 
in production plant 
Company pays placement 


New York State 


San Francisco 


operation 


iry open 


fee Location, 


W4271 


Research 
MS 


Metallurgist, BS. 
degree in metallurgy, with 


TRANSLATER (technical) 

and ABSTRACTOR 
For Research Department of large steel! 
company Thorough knowledge of German 
and French required, some understanding 
of other languages desirable. Scientific ed 
ucation and some practical experience 
engineering —metallurgical chemical or 
mechanical—are essential. Please send re 
sume, stating salary desired, to 

Box 2. JM AIME 


29 West 39th St New York 18 


Senior Research 
METALLURGISTS 


Research Division of major steel pro 
ducer im eastern United States has 
challenging opportunities for two men 


RESEARCH METALLURGISTS 


Several attractive openings are available for metal 


lurgists, with graduate level training or equivalent 


research experience, to participate in expanding research 
and development programs in PROCESS, PRODUCT, 
AND PHYSICAL METALLURGY 


Work will be carried out in our modern laboratories 


one in physical metallurgy, one in 
process metallurgy—capable of leader 
ship and assuming responsibility for 
initiation and direction of research 
Salary to $12,000/yr 
Ph.D. in Metallurgy and at least two 
years imdustrial research 
required 


projects 


experience in suburban Pittsburgh. Excellent opportunities are 


available for professional advancement in a young and 
These openings, created by expansion 
of research activity and facilities, in growing organization. 
= both basic and applied research Send resume, in confidence, to 
rogram is entirely company sponsored 
Publication of research results is en 
couraged 

Reply should include detailed resume 
of academic and technical accomplish 
ments and salary requirements. All 
replies held in strictest confidence 


SEND RESPONSE TO 


BOX NO 1-JM AIME 
29 West 39th St New York 18 


J. A. Hill 


Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 


3 Gateway Center 


Pittsburgh 30, Pennsylvania 


STEEL 
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FORMATION D’EAU OXYGENEE PAR ACTION 
DES RAYONS GAMMA ou SOLUTIONS AQUEUSES 


INQUIRIES INVITE 


MATHEMATICIAN 
PHYSICIST 

CHEMIST 

METALLURGIST 

CHEMICAL ENGINEER 
METALLURGICAL ENGINEER 
MECHANICAL ENGINEER 
ELECTRICAL ENGINEER 
PHYSICIAN 


QUANTUM THEORY OF LINE BROADENING 
Reduction of Nal Backgro 

Discontinuous Servo 
for Control of Power Reactors 

PLASTIC DEFORMATION OF URANIUM Deformation 

Titanium, Zirconium, Using Intermediate Experimear, 

Creative | 1YONNC 
leadership Protessional Personnel Omics 
a P.O. Box 299 Lemont, Illinois 

Scintillation Malic Biochemical Pattern 
photochemisch verfiirbten Lithiumfluorid. 
OF SEPARATION | 
@ System Bromide Tri 

Corcinogenic Agent 
SOME RECENT PUBLICATIONS) 


For producing the New 
Chromium - Nickel - Manganese 


STAINLESS STEELS 


KLECTROMET offers a 


variety of alloys designed 


to suit your specific needs 


for Chromium additions 
SIMPLEX Jou 


to 66% 


chro 
OOL0% oF 


carbon ferrochrome 


mium 63 , carbon max 


chromium 67 to 
from 0.02 to 2 


Lou carbon ferro hrome 


ten carbon grad 


max 
Medium carbon 
66 to 70% 
High-carbon ferrochronu 
70°, five carbon grade 
Low-chromiim, high 


57 to 64 


chromium 


ferrochrome 


, carbon 2.25 to 


chromium 65 to 
from 4.5 to 7' 


carbon ferrochrome 


chromium , carbon 3.5 to 


“EM” ferrochrome 
to 41°, silicon 42 to 45%, 


silicon —chromium SY 


carbon max 


for Nitrogen additions 
SIMPLEX nitrogen-bearing, low 
nitrogen prade 


chromium and 60 


carbon fer 


ochrome in 2% and od 


containing 62 to bo% 


to 645% chron 


lium respective ly 


Nitrogen-bearima, low-carbon ferrochrome 


chromium 65 to 70 , in 0.790%, 1.25 


and nitrogen grade 


Nitrogen-hearing, electrol 


appt 


basis) and 6° ni 


anganes 


metal containing Kimately 3% 


manganese (metally 


trogen 


for Manganese additions 
Blectrolytu with mini 


OF 99.9% 


metal 


TLL 


mum content, on a metallre 


ba i 
Low-carhon fer 


GO NER manpanese 


KS to OO ix carbon grades from 0.07 
to 0.00% max. 

MANSILOY alloy manganese 60 to 62° 
theon 28 to max. 0.07% carbon 


METALLURGICAL 
COMPANY 

1p on of 
/ om and Carbon Cor rat 


ELECTRO 


30 E. 42nd St. [dd New York 17, N.Y 


Please contact the 
ELECTROMET's new 


ny 
ne Kile eitinig 


nearest ELECTROMBET 


1-paye brochure on « 


nese and 
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ER 
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AN 


CONSUMABLE ELECTRODE MELTING FURNACE 
ENGINEER 


Immediate opportunity for man capable of supervising the 
installation and operation of new unit to be used initially for 
iron and nickel base alloys. Highly responsible position in- 
cludes supervision of personnel and quality control. 


quality specialty mill ffers you high 


dyvancement, pension plan, liberal 


Write in strictest confidence stating 


requirements t The Carpenter Steel 


Attn G E Brumbach. Chief Metal 


METALLURGY AND METALLURGICAL ENGINEERING 
OPPORTUNITIES 


ATOMIC ENERGY 


DESIGN 
TESTING 
PRODUCTION 
MAINTENANCE 
OPERATIONAL ANALYSIS 
RESEARCH AND DEVELOPMENT 


ACTIVITIES 


Design, development, testing, and operation of nuclear reactors and 
component parts for research, production, power, and aircraft propulsion, 
Design and development of pilot and production plants and processes in 
the over-all atomic energy programs 

Production of barrier and barrier materials, fluorine, and UF, feed, all 
directly associated with the concentration of U-235; radioactive and 
stable isotopes; and special materials required for reactor and other 
atomic energy programs. 

Operation and maintenance of existing facilities, 

Fundamental and applied research in the over-all atomic energy 
programs 


Openings at all Degree Levels, 0-8 years experience in the 


GASEOUS DIFFUSION PLANTS OAK RIDGE TENN AND PADUCAH, KY 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE Y¥ 12 PLANT 
eppertanities, modern and anique facilities, liberal benefit plans, educational 
and training programs plant tnterview and meving expenses, moderate climate, year 
sreound eutdeor reereational activities, low cest living, available housing 


Send resame and salary information to 


TECHNICAL PERSONNEL OFFICE 


UNION CARBIDE NUCLEAR COMPANY 


a division of 


UNION CARBIDE AND CARBON CORPORATION 


Post Office Bow P Oak Ridge, Tennessee 


BHRIDGEPORT BRASS 


We Want 


2 Research Metallurgists 
with MS degrees or equiva 
lent experience plus five 
years’ experience, for re 
search and development 
work on copper- and alumi 
num-base alloys. Some ex 
perience with these metals is 
desirable. Location: Bridge 
port, Conn 


1 Mechanical Metallur 
gist with Met. E. or ME. de 
gree and approximately five 
years’ experience, for test 
ing and metal fabrication 
problems at our Bridgeport 
Connecticut, laboratories 


Recent Met. E. graduates 
for training and assignment 
in Process Metallurgy, Re 
search, and Development at 
Bridgeport, Indianapolis, In 
diana. and Adrian, Michi 


gan 


We Offer 


Permanent positions with 
growing technical organiza 
tion of an established, ex 
panding nonferrous” pro 
ducer 


Assistance for graauate 


studies 


Excellent working condi 
tions in up-to-date labs and 
plants 

Convenience to uncrowd 
ed pleasant residential 
areas 

Opportunities for ad 


vancement responsibili 
ties and professi« nal status 


Liberal benefits for you 
and your family 


For further information 
about these and other op 
portunities please contact 


Mr T. Thompsor 
Salary Personnel Mar ger 


BRIDGEPORT BRASS Co. 


30 Grand Street 


Brid yeport ? Connecticut 
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Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Vherefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapid y However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
areas are necessary 

These include: the development of fuel alloys; the 
development of clad alloys: fuel element development; 
and technical control of fuel elements and fuel and 
clad alloys. At Bettis you will have a choice of work 
ing in either Basic or Applied Metallurgy. You may 
prefer to conduct basic research in areas like these 
1) Solid phase transformation, 2) Corrosion kinetics 


BETTIS PLANT 
Westinghouse 


Help develop the world’s first 
nuclear powered fleet 


and mechanisms, 3) Effect of irradiation on metals, 
4) Internal friction studies, 5) Study of equilibrium 
diagrams 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant 

Atomic experience is not necessary 

What's more, Bettis Plant is in Pittsburgh's 
South Hills. Here you can enjoy good living in 
uburbs near the plant, and still be conveni 


pleasant 
most progressive metro 


ent to one of the nation’s 
politan areas 

Educational opportunities are exceptional. West 
inghouse helps you continue your studies at any one 


of three Pittsburgh universities 


Write for descriptive brochure on 


opportunities in your field. Be sure 

to specify your interests. Address jae 
Mr. A. M. Johnston, Westinghouse 

Bettis Plant, Dept. A72, P.O. Box 1468, 


Pittsburgh 30 Pa. . 
ODA) 
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Make your plans 
NOW to attend... 


2ND NUCLEAR ENGINEERING 
AND SCIENCE CONFERENCE 
March 11-14, 1957 


Sponsore d and conducted by 20 
leading and screntifu 
unele r the « oordimation 


of Jowut Council 


Me ( 
ek ( 
ind 
ei Wat 
/ / 
e/i ( 
. / 
e/ / \ K 
e// / K / ‘ 
e/ 
ADVANCE REGISTRATIONS 
HOTEL RESERVATIONS 
pre-registration form inferma 
hotels it rit 
i] f ij i 
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AMERICAN CHEMICAL SOCIETY « 
ENGINEERS « 
INSTITUTE OF PHYSICS « 


AMERICAN GEOLOGICAL INSTITUTE « 
AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS « 
AMERICAN SOCIETY OF ENGINEERS 


INTERNATIONAL 
ATOMIC EXPOSITION 
March 11-15, 1957 


Sponsor d hy the 


of Chemical Engineers with the coop 


fmerican Tristitute 


eration of the American Society of 


Civil Engineers, the American Inste- 
tute of Mining, Metallurgical and 
Petroleum Engineers, the American 
Society of Mechanical Engineers and 
the American Institute of Electrical 
Lngineers. 


See the latest equipment, materials, and 
processes relating to the non-military uses 
of atomic energy in its various forms on 
display—many of them for the first time. 
Virtually all major suppliers or services 
to the nuclear energy tield mining 
equipment and supplies to power distri 
metallur 
will 


bution, electronics, chemical, 
gical, mechanical, and many others 
display. Foreign industrs 


ment will also be represented. 


and govern 


In addition to the thousands whe 
istered for the technical 
1955 Nuclear Congress, over 15.000 reg 
the 165 exhibit.—engi 


executives from indus 


reg 
sessions at the 
istered to view 
neers, sctentists, 
try, purchasing otheials, press, educators. 
technical students, ete. Attendance at the 
1957 Congress is expected to be even 
bigger. 


Headquarters for exhibit information is 


International Atomic Exposition 
117 South l7th Street 


| Philadelphia 3, Pennsylvania 


CONGRESS SPONSORS 


AMERICAN INSTITUTE OF 
AMERICAN INSTITUTE 


CHEMICAL ENGINEERS «+ 
OF MINING, METALLURGICAL 
AMERICAN SOCIETY FOR ENGINEERING EDUCATION + 


MARCH 11-15, 1957 


PHILADELPHIA 
PENNSYLVANIA 


5TH ATOMIC ENERGY IN 
INDUSTRY CONFERENCE 
March 14-15, 1957 


Sponsore d and conducted by the 
National Industrial Conference 


Board (100 Park Ave. N.Y. 22) 
Report on current and future cconome 
eflects of atomic energy at the wa 
perrenced compantc are dealu with 
managerial problems arisi from the gen 
eratoon of nuctear | erand ‘ 
by-product in research and production. 
Lhe se cover ch i 
@ Venu marl / news? tals and hou 

forealice ther 

radi dia ch ry 
Safety. th. insurar legislation 
nid d estic 

d fs 


5TH HOT LABORATORIES AND 
EQUIPMENT CONFERENCE 
March 14-15, 1957 


Sponsored and conducted by the 
Hot Laboratory Committee 


More th 


by designer 


in 60 technical papers presented 


and « pera laboratorsv 
ictive material 


te handing ¢ 


radt 
rons cover new 
ratori and cell reine 


ment, and hot cell operation 


OF ELECTRICAL 
AMERICAN 
METALS 


AMERICAN INSTITUTE 
& PETROLEUM ENGINEERS «+ 
AMERICAN SOCIETY FOR 


+ THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS « AMERICAN SOCIETY FOR TESTING MATERIALS « AMERICAN WATER WORKS ASSOCIATION + FEDERATION 


OF SEWAGE & INDUSTRIAL WASTES ASSOCIATION 


* NATIONAL INDUSTRIAL CONFERENCE BOARD 


MEALTH PHYSICS SOCIETY « 


SOCIETY OF AUTOMOTIVE ENGINEERS « 


INSTITUTE OF THE AERONAUTICAL SCIENCES + 
THE SOCIETY OF NAVAL ARCHITECTS & MARINE ENGINEERS 


INSTITUTE OF RADIO ENGINEERS 


: a all events of the 1957 Nuclear Congress 
in d's 
| 
| 
More than [50 technical papers will be 
pee tect thre il hea or 
- 


i 
‘ 
‘ 
‘ 


Dr. John Bardeet 


1908 with apparatu 


Bell Telephone Laboratories Salutes Three 
New Nobe/ Prize Winners 


Drs. John Bardeen, Walter H. Brattain and William Shockley 


are honored for accomplishments at the Laboratories 


Ihe 1956 Nobel Prize in Physies | thie econd 
been awarded to the three inventors o iwarded to Bell Telephone Laborato 
the transistor. for investigations on crentist Davisson 
semiconductors and the discovery of the shared a Nobel Prize for his discovery 


transistor effect of diffraction 


They made their revolutionary con Such achievements reflect honor on 
tribution to electronics while working at ll the serentists and engineers who work 
Bell lelephone Laboratories Murray it Bell Telephone Laboratori 
Hill, No J. Diseovery of the transistor wa men. dome research and development 
announced in. LOW | thorators it of ie contesbut 
proud to have been able to provid ‘ lo the inprovement ol 


environment for this great achi ‘ in 


Bell Telephone Laboratories 
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Alnico permanent magnets power the new Eriez Ferrotrap, visi 
at left of the paper. Trap body and cover plate are Type 


omium-nickel steel, non-magnetic and easy to clean. 


How Alnico guards products and machines 
... traps tramp metal continuously 


Chis operator holds a collection of nails, paper of iron particles. Even nuts, bolts, and the like. 
clips and other ferrous contaminants All were re- Units that protect not only product purity, but 
moved by the Eriez Ferrotrap from liquid caramel also filters, mixers, pumps and other costly equip 
wing pumped through a candy plant pipeline. ment are made practical by the powerful magnetic 
Keeping hot, viscous caramel free of tramp iron properties of Alnico, an aluminum-nickel-cobalt 
an obviously difficult task. But a new Eriez unit, iron alloy, 
iptly named the Ferrotrap, does this sort of job Nickel... an essential element in Alnico ... im 
vith multiple rods or “fingers” containing Alnico proves hundreds of other alloys utilized in industry 
permanent magnet So if you have a problem involving metals, consult 
No need for electromagnets, current and acces us on the use of nickel or nickel alloys. But if you 
ori because at temperatures up to &850°F the wish further information about the Ferrotrap 
powerful, life-time magnetic strength of a high write Eriez Manufacturing Company, Erie 6, 
nickel alloy ... Alnico assures positive trapping Pennsylvania. 


INCO. THE INTERNATIONAL NICKEL COMPANY, INC. £2."0.00'0%' 
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Titanium Developments 


.. . Sponge Prices Further Reduced 

From its original price of $5 per |b in 1948, titanium sponge price 
has been dropping rapidly and by the summer of 1956 stood at $3 
Recently Du Pont announced a sponge price reduction to $2.75 pet 
lb. In addition, Titanium Metals Corp. of America reduced the 
price of titanium mill products by 6 to 8 pet. For a glimpse of 


probable future price development ee p. 16] 


... Mill Product Shipments Two and a Half Times 1955 
For the first ten months of 1956, U. S. Devt. of Commerce reports 
hipments of titanium mill products of 3641 tons, an increase of 


156 pet over the same period of 1955. This year’s ten-month ingo 


production was 7,795 tons 


... Two New Sponge Producers 

Optimistic of the future of titanium, plans have been announced 
for two new titanium sponge plants. One, of 5000-ton capacity 
is being designed for installation at Ashtabula, Ohio, by U.S 
Industrial Chemicals Co., division of National Distillers Product 
Corp. It will make use of sodium from the firm’s nearby plant 
and titanium tetrachloride to be supphed by a plant being built 
by Stauffer Chemical Co Allied Chemical & Dye Corp. and 
Kennecott Copper Corp. have announced their decision to form 
a new company to produce titanium. With an initial investment 
of $40 million, a continuous sodium reduction proce 


used 


... Plant to Produce Titanium Mill Products Exclusively 

Rolling and forging titanium ingots is now done in steel plant 

but Titanium Metals Corp. of America has purchased a plant at 
Toronto, Ohio, and plans to convert it into the first specialized 
and exclusive facility for producing titanium mill products. The 
firm, owned jointly by National Lead Co. and Allegheny Ludlum 
Steel Corp., recently announced expansion of its Henderson, Nev 

sponge plant from 6000 to 9000 tons capacity. Early in the year 
the firm purchased a Sendzimir cold mill for the continuous roll 


ing of 48-in. titanium sheet to close tolerance 


... Titanium Mill Facilities Being Expanded 

An $8 million program for boosting titanium melting and forging 
facilities is being carried out by Republic Steel Corp. at Canton 
and Massillon, Ohio. Designed to increase titanium ingot capacity 
from 1500 to 6000 ton it includes installation of 12 vacuum 
double-melt, consumable-electrode melting furnace Earlier in 
the year, Republic acquired half interest in Cramet Inc. with 


facilities to produce 6000 tons of sponge at Chattanooga, Tenn 
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AIME Annual 
Meeting 


New Orleans 


February 24—28, 1957 


» Technical Program 
(JOURNAL OF METALS, January 1957, pp. 204-208) 


>» Social Events 
(JOURNAL OF METALS, December 1956, p. 1677) 


> Plant Trips 
(JOURNAL OF METALS, January 1957, p. 201) 


» Post-Convention Cuban Trip 
(JOURNAL OF METALS, November 1956, p. 1584) 


‘“See JOURNAL OF METALS, August 1956, for 
hotel reservation postcard and information on what 
to do in New Orleans 
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Metallurgical Society of AIME 


RESOLUTION 


WHEREAS the American Insitute of Mining, Metallurgical, and 
Petroleum Engineers is expect d to adopt anew set of bylaws and rules 
to become effective on February 28, 1957, and whereas the new AIME 
bylaws provide for the formation of the Metallurgical Society of AIMI 
to embrace the present three Divisions of the Metals Branch, and 
whereas these three Divisions have jointh agreed on bylaws for the 
Metallurgical Society of AIME, and whereas it is desirable to achieve 
a smooth transition frome the pre sent Metals Branch Structure to the 


new Metallurgical Society organization 


PHEREFORE, BE TT RESOLVED by the Executive Comunittees of 
the lron and Steel Division, the Institute of Metals Division, and the bextra 


tive Metallurgy Division that 


\ slate of provisional officers be appointed consistent with the 
| 
proposed bylaws of the Metallurgical Society of AIMEE and con 


sisting of the following previously designated officers of the Metals 
Branch for 1957 
Chairman of Metals Branch Couneil, John Kinnear, 
Provisional President 
Past-Chairman of Metals Branch Council Arthur W. Thornton 
as Provisional Past-President 
Incomime ¢ hairman of Institute of Metals Division, Walter RB 
Hibbard, Jr. as Provisional Viee-President 
Secretary of Metals Branch, Robert W. Shearman, as Provi 


sional Secretary-~Treasures 


\ provisional Executive Council be constituted for one vear with 
nine representatives three selected by each Divisions Exccutive 
Committee at their February meetings in New Orleans: nomina 
tions for the provisional Kaxccutive Council members to be made 
by each of the current Divisional Nominating Comunittees prior 


to the February meeting 
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written for 


this unusual book 


Every day we receive an average of 70 
requests for our “Design Manual for 
High Strength Steels.” This, despite 
the fact that in the past two years we 
have distributed 54,096 of these Man- 
uals—enough to make a stack three 
times as high as the Empire State 
Building. 

Requests have come not only from 
design engineers for whose use this 
book was primarily written, but from 
men signing themselves as Research 
Engineer, Project Director, Develop- 
ment Engineer, Design Analyst, Proc- 
ess Engineer, Test Engineer, Mechani- 
‘al Engineer, Chief Engineer, Methods 
Engineer, Materials Engineer, Marine 
Engineer, (ndustrial Engineer, Elec- 
trical Engineer, Aeronautical Engi- 
neer, Purchasing Agent, Plant Man- 
ager, Chief Inspector, President, and 
so on and so on. We even had one from 
a Chairman of the Board. (Looks like 
a lot of men besides design engineers 
are vitally interested in High Strength 
Steels and want to know how, when, 
where and why to apply them.) 

While most of these requests have 
come from all parts of the United 
States and Canada, an amazing num- 
ber have reached us from England, 
Germany, Belgium, France, Italy, 
South Africa, India, Japan, South 
America, Australia and New Zealand. 
(Seems that no country ts so remote 
that it hasn't heard the good word.) 


What’s in this book that makes it 
such a “must have” for those who have 
seen it or merely heard about it? 

We like to think that the “Design 
Manual” is finding its place on so 
book 


not because it is a costly 


many engineers’ desks and 
shelves 
book, free for the asking—but because 
it contains information nowhere else 
available and never before presented 
so clearly and comprehensively. 

For here, in one volume, the design 
problems of tension, compression, 
shear, beam stress, deformation, and 
deflection are covered in detail, the 
fundamental characteristics of high- 
strength low-alloy steels that result in 
economies to the user are described, 
the principles of designing against cor- 
rosion, and the application and advan- 
tages of formed sections are authorita 


tively discussed 


Complete with tables, formulas and 
basic data covering every facet of this 
important subject, the 174-page “De 
sign Manual for High Strength Steels” 
is a book that you will find invaluable 
in designing your product for greater 
efficiency and economy. A fourth print 
ing is now on the presses. We will 
gladly send you a free copy if you will 
write — on your company letterhead, 
giving your title or department—to 
United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pa. 
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NEW “BOX LUNCH” of NICKEL ALLOY 


speeds feeding of electric furnaces 


26 nickel alloy pigs, ear h weighing about 50 pounds, 

travel it sale this new palle tized par kage, We ight and 
certified analysis are in plain view at all time 

All fiberboard, it can go into the electric furnace 

“as is.” It weighs only 14 as much as a wooden 

pallet, Sa on transportation costs, Discourages 


pilferage. Speeds handling 


Users are already enthusiastic about this 

nickel alloy package, Like the quality product it 
contain it serves as a further example of the 
exacting care Alter Company exercises in every 


phase of the production of alloy metals, 


If you are till using ser ip for your alloy require- 


ments, ask us about Alloymet pig of certified analysis. 


COM PAN ALLOY METAL DIVISION 
PHONE 6-2561 @ TELETYPE DV 588 1701 ROCKINGHAM ROAD 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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Symposium On Titanium 


“There is every reason to believe that by improving all processes pertaining to 
making sponge, ingot, and fabricated parts, the cost of titanium will come down. 
With this in mind, this year’s symposium ts based on economics of utanium.”—A./ 


|. Sponge 


and 
Mill Production 


Economics 


D. J. McPherson, Chairman of IMD Titanium Committee, with Armour 


(chairman: 
Rese h oundation 


Moderator: Rudy Thiclemann, Metallurgical Department, Stanford Research Institute. 


Speaker: Herbert H. Kellogg, Professor of Mineral Engineering, School of Mines, 
Columbia University. Coordinator and advisor on 


titanium tor Ofhee of Detense Mobilization 
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4 concern not onl to those compan now en and mill-product) price mn the range of to 
paved in titanium production, but also to users of $4.00 pe lb It comfortin to an eng 
nad 
trie metal particuiarl thi aircraft ind chemical KNOW that a Danke! ares vith hi fre ian 
Industrie to the U. S. Government, which is the attempt at economic anal 
iitimate consume Of most titanium products made Phe future having been disposed « 
todu to companies interested in enter the field to the present and gain some in ht 
of im production to investor and banketl fo toda titaniur price nad or 4 
and to many othe rout For reason vhich must facto! Vill hasten the approach of 
be obviou ve cannot expect publication of ch at orde te ‘ 1 pone : 
‘ 
free to Make such an anal sts which dete 
the disadvantage of havin ‘) it “ rie it il¢ for titanium ponpe With thi 
f afta eusonabl cert that the total 
Regarding the future economics of the matur pong ibout $2.25, or a range mm $2.50 
titaniur indust the author ore — vhen account is taken of difference in effierene of 
evs convinced of the alidit of the f on ent plat ‘ conclu on folloy from the 
he made in early 1955.’ The price of titaniu pone historical fact that pre-tax profits in the metal indu 
n the interval has decreased fro $50 to $3.00 ‘ are usually about 25 pet of the iles dollar. Thu 
‘ ‘ ‘ +} thy 
thu about half-way tow $4.00 price indicate a pre-tax profit of $0.75 and 
that $1.15*0.25 potipe total production cost of $2.29 
future In a more recent ana D. F. Porte “ In orde to examine the individual cost Which 
New York banke has predicted an eventual sponge ; ke up the total production cost, and in order to 
i p th al 
‘ provide a chee} n th jlle-of-thumb estimate ol 
25 pet profit, a detailed estimate of production 


2) Complete the Amortization of Plant Cost. 


Accele ea zation Of piant cost pe 
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3) Reduce Capital Cost from $15 Million to $10 
Million. The 


Table | Cost Analysis for Hypothetical Present Day Titanium 


Sponge Plant 


Table I. Possible Cost Savings for Hypothetical, Present Day 
Titanium Sponge Plant of 3600 Ton Capacity 


Saving in 
Vroduction Cost 
Cents per Lb Ti 


Haw Material ‘ per ib of Ti 
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Dat i- a With the assumed ndit ind for a large added cost in present sponge manufac- 
hieh thie t operate I} } thet t ture. When the amortization of me plants is com 
te the « tape th eted within the next few ibstantial re 
hich ent-d Ope te t fuction in sponge price should be possible In esti 
, ty (3600 1 ) cost $15 t ating a $0.368 saving in cost, as shown on Table II, 
t le tt ke ‘Ti but d t has been assumed that 5-year amortization will 
! | vi ‘ by eplaced a 15-year obsolescence cost Phu 
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7 a4 ‘ ile ! Lit d interest on fixed capital may be passed on to the 
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Estimated Costs per 
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oblem o it ) ) 
September December | bles ‘ rtaining these costs has been side 
56 


O00 100 


JANUARY 1957, JOURNAL OF METALS 163 


ihe iIndadividUua economile listed in Table Il are ment will take piace It ealistic that thie 
part nt elated oO, the cannot mis be added present cost of about $4.50 f raw materials will 
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PROFESSOR KeLLocc: As | aid in my addre there 
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ible a conside rabl cheapet plant construction cost 
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n the last few eul and I believe that lower plant 
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WHITMER I doubt vet ! ich that we ill It wa omethin lke $15 llion to ¢ xpand 
able to produce a heet roduct low enough nhydro pone cupacit from to 8000) ton and to’ 
ven to meet the present da pecification vithout expand me lting capacit from 3,600 tons to 11,000 
a good percentage of vacuum annealing Vin. LIPPER Your cost al itv fippure ure 
The a te lin that 1 hared by the indu tt vel clo ‘ to thre urh | Itil hit add th il the cost 
that different allo have a different level at which fimure quoted imeclude a new otlice and laborator 
the can accommodate hydrogen, and I think one building and a few niceties of hife which engineet! 
of the bl est thin we can do to he Ip ours¢ lve usuall throw in 
ron in economu tandpoint | to recognize that 
level. If we can put different levels of hydrogen for What are present 
different analyse we are going to have a chance to what are predicted rate . for the next several years 
mak more of these allo heet without nece aril oR KELLOGG hie anticipated pro 
oing through vacuum anne alin and that om juction for thi ear | omewhere around 1 $000 
to vive ultimate greater ecconom) ton and probabl for next year up to LB.OOO to 
Mr LIPPERT We re ularl produce pet Al OOO ton Becuuse of the new expansion an 
1 pet V alloy heet with le than 100 ppm, v ithout nounced by du Pont and IMCA lam hesitant about 
esort to vacuum annealin those fiwure 
‘ I was just handed a note from N. hick, 
How does the U. 5. price of titanium compare at eg! 
ol Detense Vobilization vith the capaci figure 
present with world price and what would the 
kor 700 tons is the ¢ timated 
panel expect t be the trend of price f titaniun . ; 
porpe production there hould be a 
in other countries in the future? 
capacity of 469,600 ton Phat looks large to me | 
Vin. LUSBY So far a ve know, the only otnet lon't think all of that capaci will be installed for 
quoted price for sponge product in our forest the full year of 1957 
market | thie parice yuoted the British I thint 
the nly British producer now quotin ICA. If crat actually how much effort is now being 
ippled to reus¢ f other than mmomercially pure 
price onverted to ) holla! ul i 
i crat yenerated by the ultimate user? 


J t how much concentrated 


that we 


evel it $2.10 You will find there n i 0 ‘ | 

n ct rie I ‘ trie i ill if titial 
nw eve ware dd dd intet 
vv ada Clap al i 

What is the present 1) titials. It uur belief that until some method of 

t ngot t let tt ee 

apie... to bi 3) bill eet, plate etuall efinin crap core to the fore, the usage 
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| id 
ii 
hittle hort s pe | 
per Ib. If you look at the prices quoted on sponge vv Va»: ii ee 
na ide 9-A at little lowe! effort a tough one to at cur 
bar wire 
Mr. KAUFMANN That is a pretty difficult) que WHITME! We look at it ina imilar manne! 
tion to answe ist off the cuff The eld tre We hope that scrap returned from the field wall be 
ponge to ot prett high There l not a eut ated although i! hia rif el been 
feal OF 10 in the meitir yperation except througl hed im the teel indust In order to 
fine that i escape the Vacuum te Cray eturned the we must have allo 
Phi eld from ingot to billet will lepend large! that we can adjust chemically as we at oing along 
on the e of the billet thie Via t yrdered, and md that! i ‘ likel entail ae elopment of nev 
vhetne! a square billet or a round-turn let with a broader allo 


there t vil need f marketing earct 
ry tee ther thor mer mda armament 
there re ri to belheve thot le er quality stand 
rod 7; ply i her 1] industry a ed t 
roftt 
at j ‘ eet 
i thie ‘ ‘ thie 
} th u Therefore. { 
‘ | til j has beer lirected 
ty i thy thence il ‘ it 
‘ ‘ here the 
tit i et trie il equ te 
| j ‘ na ‘ encoura 
i] hapy t t, today there a i nurmbe 
| three ‘ ‘ list ‘ that 
! ti? i cule ndust i 
i pire | or t? the 
i iff fiat t} athve ill f ine 
but f eclucat ry the ‘ yf titan 
trie ndust ead 
| thre ‘ ilt wre ‘ tif 
| t tod oe f titaniur there are 
! ‘ tines Wi trie 
+} the the leve oduct 
t} field | ley irat amid we 
sie ‘ that al ‘ ‘ ( il il 
I] bye he la titi i ind we hope that 
thie ts bv econd te, t? 
lo get at the second question, we have to define 
! t the fy nad la ‘ ti ‘ ene 
nthe proce hes nm that i have 
frengeth ee to the strength levels obtained 
market f fifcar it lines te ‘ ‘ ’ ‘ tance 
I don't think the treme pecification te 
mposed | thy re ift fiat ild f lou 
thee obve It hasn't beer 
that the oget with thre fhat ore 
ised both lustre Phe cal indust of 
cou ‘ itl ( rie ned iw) thin i 
tre ‘ »> thom the people nthe ai 
iff dust 


Today many mill prefer 150 Bhn sponge because 
like the high interstitial ntent Deve Lr 
le ponge price anticipate 150 Bhn or 110 
Bhn sponge. which is much more difficult to make 


M prediction esuppose 
pone which ide nd 
beat tod 120 fror the 
performances ir producers, they are producin 
t the ‘ ite il ind 
roo Eby eu ttle } bie ea ttle lowe 


extent 1 J mwanese nae ber rm) 
| rted What is it t leve .< iality 
\ ' Gu I can't the questior 
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jualit tre Jay imese ponge exception- 
ood couple ¢ | ea ipe t Wa ipo to 
( ‘ ti< por ‘ At thie p esent tire I fee] that 
trie | e qualit na caugnt uf with the 
Japanese qu P 
\ la i cf thie J por not 
} ‘ pul hed | ct Phere e certa pot bu 
na | il ‘ com | ent that cal hye 
aude Vill thie Japanese it i nt lave ble 
ce. Howeve our experience has been that! the 
tirme ou } i iil the othe odd and end the im 
pr rt tee inbiased idpe of quality and oon and 
o foru and the ponge laid down in our plant 
eady for use t not a bit cheaper than domestu 


the panel feel about Professor Kellogg's 
f proces: 


How does 
pr jecte 1 reduction to half of the cost 
Ing f mill products in 1959 « mpared to 1956? 


in. Lippert: Well, such sensitive thir is cost 
ind price reduction enerally involve considerable 
lifference n opinion as to timin Mr. Kellogg ap 
eu to be i! n ither closely to what probably 
vill happen. I n diffe vith him a little bit a 
t pecific date howeve I think we are in the 
ime ball part 
Mr. KAUFMANN: I think the figure vhich M 
Kello has presented are an excellent goal. We 
lan to invest considerable money in the next few 
ears in equipment facilits pecifically designed 
for the manufacture of titanium. If we can reach 


the goal he ha et for 1959, we will have done an 


excellent job 


I do feel we wv ll vet cost 


vet them down by late 1958 or earl 


Mr. WHITMER 
uit whether we 
1959, I have my doubts, particular! f requirement 
Fach 


there is an additional 


n some of these new allo continue to go uy 
and every time that happen 
operation that has to be put on them. Neverthele 

I do feel the overall picture oing to be in the 


Kello 


mentioned 


prediction 


A fat al rT 


ure concerned ] think that 


PROFESSOR KELLOGG 
reduction 
whether the 
rices th much depends greatly on how large the 
market is in 1959. If the 
pone roughly 35,000 tons in 1959 and if they 
can produce and sell something like 25,000 tons of 


the price 
titanium indust! able to reduce 


capacity for producing 


confident of my 
price If for one reason or another, the market doe 


prediction vill not 


Mr. KAuFMANN: First, | would like to say I am 


ure the panel will join with me 


wonderful job on thi 


The other thought I would like to leave with you 


that we talked a lot here about the high cost o 


titanium mill products when we compare 

Irie fan | i metal But la titar 

ment, finished and ready to use be 

I ct ! two and a half o three time 

a the i e article nn ich cheape wt 

ou cor jer the cost of labs ind mat the ter 
that int the f } 1 article thie iw ite i 
cost i ost insignificant 


pon ‘ 
‘ 
direct that Mr. 
ee not increase to that extent, m Po 
be correct 
; Kello ha a remarkabl of the economie 
me } fa very complex new ndustr’ He has done a 


Symposium On Titanium 


I]. Mill and Fabrication Economics 


Chairman: D. J. McPherson, Chairman of the IMD Titanium 
Committee and with the Armour Re 
search Foundation, Clicago. 


Moderator: Rudy Thielemann, Metallurgical Department, Stanford 
Research Institute, Palo Alto, Calif. 


Speaker: S. A. Gordon, Consultant with Batelle Memorial 
Institute, olumbus, Olno 


HE economics of the fabri i f aircraft Aluminum Fabrication: In 1955, over eieht billion 
zr tructures is a difficult are: ussion, for dollars wa pent in delivering 8000 military an 
unlike other transportation industri there is no plane For the airframe tructure of these an 
tandard with which to judge a degree of economy plane it is estimated that the cost of fabrication 

In the case of the passenger automobile, the man varied between $25 and $40 per Ib of finished prod 
ufacturer can weigh the cost of th product against uct. The figure is based on aluminum fabrication, 
the volume of si and in the ec: ) ! 5 where the raw material, including forgings, extru 
and rollin k, the incentive ft I CO i ions, and casting cost on an average about $1.25 
accentuated \ n need to reduce weg!) 1 order per Ib and methods of fabrication are confined to 
to increase carrying capacity cold forming. Thus, on conventional subsonic mih 

However, with aircraft two catego must be tary airplane only 5 to 10 pet of the fabrication 
considered commercial and = military For the cost is in the raw material (including scrap and 
former, increased fabrication costs mu 0 weighed remnants). The remainder is in overhead, labor 
in terms of the increased payload realized as a result and profit 
of reduced weight tut for military airplane the World War II estimates indicated that it cost about 
economics of airframe fabrication take on an entire $} man-hr per Ib of fabricated weight to put an 
pect airframe ether for the first 25 unit At the pre 
The standard of evaluation of military aircraft ent wage ‘ is would be about $6.50 per Ib 


ly different a 


omewhat fluid and analogous to the om Since the average profit of an aircraft company |} 
cycle for human survival. In period f good health about 3 pet, can be neglected in the cost evalua 
little appropriation | made towa! in ring tion Average overhead ts a imed to be 100 pet 
tinued health, but in case of eme ency argal Thu the present cost breakdown on fabricated 
ing takes place with the physicii r sul veight for military airframes might be as follow 
demand ts to cure th atient at ar 
tt tot 
ed, one le down he Raw material (aluminum 
bill, somewhat wiser ince a b ! . includes 10 pet scrap $135 
Labor (direct 650 
ts for the need for intensiv rey i Labor (indirect 


t recurrence assumed equal to direct labor 650 


Dollars per Lb 


tive ‘aSUI again 
$1435 

The Yardstick of Economics in Military Airframes Overhead (100 pet sin 
The economic standard for evaluation of m ry Total $28.70 


ircraft depends upon what 
vhere the basic mat 
irbon present onl 
little difficulty is ex 
it difficult to 


or modified 
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best at any cost may not be the measure Dut the determine the relative worth of a new iii zm 
best at a given cost may be te hnia if 


Efficient 


i optimizat Tal cut technique nape are deve loped for concentrated loads, using 
} ter ‘ ‘ ht rY j +} thickne a low i 0.040 in 
© plates, extrusion md iVallabie Large sculptured plates eliminate many riveted 
wil h contributed mat eqaucit the ost oint and lend themselve to efficient use of the 
the all plane material strengthwise,; for forming are quickly 
Titanium Fabrication bitaniun ible heet of and easily made and toolin although extensive, 
tandard Zes Of aireratt qu ty costs about $18 per n some cast is not too complex and the procedure 

‘ it ‘ newrne na ttle pet ence In the cus of titanium, heet ure highly 
! d to aluminun limited: extrusions are limited in minimum thick- 

t thie of more i and | pth: and forging of reasonable are 


expel © an tre ehevir nd hot forming at available only for experimental evaluation 
temperatures up to 1400 F. Furnaces must be stra rhe titanium airplane for the immediate future 
tegicall placed in the nop area Machinit rm vill be made mostly of sheet stock with many bits 
il it five: timne ihe powe COMipa ed to alu ind piece riveted togethet Die cost will be high, 
minun md ad lit demand owe peed and to sav nothing of the constant monitoring of the raw 
ne er equipment than for aluminun material for controlling pringback and trength 
dded to these the increased cost of Inspection iniformity. Added to all this is the fact that hot 
used | the past histo f nonuniformit of formin will represent the majo! fabrication tech- 
nm strengw nd quaiit It the nique for titanium, now and in the future 
eneral practice i Host a craft companies t With the future introduction of high trength 
ibyect neomil Litas im heet to 100 pet insper heat-treatable heet which 1 a must, further in- 
creases in cost will be experienced in fabricating and 
Phi of iVallal ween heat thin material proce ing 
¢ trusion mad hen contribute 
marked ‘i increased costs of titanium alloy What is a Pound Worth? 
fabrication No discu on on the economics of airframe fab- 
Where the present aluminum airframe contain rication complete without some comment on the 
about 10 to 20 pet of it ye ht in extrusior and value of we ht in an airplane structure Although 
ibout of  petin fo ! the ca titanium ai much has been written in the literature on the ub- 
plane will contain about | pet extrusios ind about ect, it appears de irable to offer some ardstick of 
' pet fo ! Use of titanium extrusion ind idgment to provide continuity in this presentation 
forgot will grow with the creased availabilit One of the more spectacular presentations of the 
but most of the eur fabrication wall be heet and vorth of a pound of airframe come from E. H 
trinyvet! Heimemans He po nted out that po ind added 
Where a high percentage of the ibsonic alun to a Weapon system In the early design stages could 
num airframe fabricated with count unk fa cost an additional 10 ‘b to the gro weight, thu 
teners, the titanium airplane will use a much highet making it worthwhile to spend ten times the fabri 
percentage of dimpled heet--a much costhe cation cost to save this pound 
method of assembl Another way of looking at the worth of a pound 


of weight 


to 


pet eute r ver | Ibot mb it ! he air! 


from the outhe observation ibout 50 pet appeal epresents about 30 pet ol the ro weight and 


epresentative \ thi crap and remnant pet——or 3 pet ro aved in the tructure, it 
ite ive we ibout SO pet a comy wed to 10 pet could increase the destructive powe! of the weapon 


eht must be 


industries indicates that 


Dollars per Lb 
Maternal and scrag $27.00 
Labor (direct 9 75 


Labor (indirect 975 K 
thead 19 50 
Tote $66 0 where C is cost per unit item or per Ib of product 
bh] 11 prod iction rate ol numbe ol init fabricated 
ind K represents the theoretical cost per Ib for the 
ruin if ine 
‘ first Ib fabricated. Th is usually obtained by ex 
Aluminum and Titanium Costs: Where aluminun 
fil ‘ 10) ipolatir the learnin curve to A the 
ot the curve which a imed to be 


called thie 


Cost Factors Analysis 


Aluminum has a high eld. Little scrap is gen Titanium fabrication will probably |! 1] 
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L survey of the a itt lust 55 indicated of structure to observe the d it 
\ 
10 
or ie ith i il pet 
: \nal ne the titanium fabrication costs from the However, this does not mean that w ae 
ibove comment it that the tollown est ived at any price 
mate is Past experience in may 
d a cost follow the general law 
; a straight line on a log-log plot and a 
aluminum fabrication may represent 
learning ute 
For airframe fabricatior ising aluminum a 
i titanium it could represent 30 to 50 pet of fabrica ; 
mai basic fabricatir material, the formula representing 
! 
general cost 1 probably ( BA man-hr per It 
‘ 
OW the 
erated nee al it eution V-Now aw ( i prt ipor), a 
has beet md efficrent use of mat il imiut pet Increase n man-hout! for titanium 
i ble because of excellent: ve utility It is po ver aluminum (1.5*6 12). The decreased learn 
lia mit made of bit ind ! rate O25) igvested for titar im can 


be assumed for other high-strength, high-tempera 
ture metal It is based on the following assump 
tion 


limited to 
initial fab 


confined mostly to 


1) Titanium alloy are at present, 
sheet stock of limited dimensions; thu 
rication developments are being 
heet forming; forgings and extrusions are available 
only in limited sizes and shape 
2) These 


Ya the quality and con 


heet-forming techniques will advance 


tency of the titanium 
ys improve 

3) The pre ent machine 
have already 
and further 
machine to hard metal will be low th mean 
through will 


be required to remove material at a hi h rate 


tools for chip removal 


reached a high degree of development 


improvement for 


up} lication of these 


that some sort of technological break 


4) The development of fabrication know-how tn 
the field of extrusion and fore. wil of nec 
availability thi field 


rather slowly at present 


ity, be dependent on then 
of development is moving 

5) Material proce ! particularly the heat 
treated type, will increase in scope; inspection tech 
niques must be improved and exploited ich prob 
lems as inspection for hydrogen and oxygen must 


be investigated to ncrease accurac' and rate 0 


inspection; and 

6) Since 
gradually 
material, the developments will probably be di 
tated by need thu the cost must be 


borne by a limited requirement 


titaniun Ol it equivalent may oni 


replace aluminum a i bask tructural 


immediate 


Summary 
If the above discussion leads to the 

that cost Is a 

titanium, let thi 


impre 


econdary item in the fabrication of 


impre ion be modified 


@ (rORDON F AIRBAIR? 
tion Irie 
Corp and 


@ WIN SHAR! 


CG,ordon Co 


Bor 


PageTz, Chief Engineer, Jet Dir Phos 


Discussion of Mill and Fabrication Economics 


nom thie rau lo-fin hed 


Failure to reduce costs could easily make cost an 


item of pri 
al larly if the 


mary consideration in selecting a mate 
major cost contribution 
from the material itself 

The most 


fabrication cost 


come 
deterrent to reducing titanium 
appeal been the 


icators to develop a know-how that 


eriou 
to have inability 
of aircraft fabi 
could be consistently improved or even relied upon 
without first having 

in strength and quality fut uniformity of the ma 
terial ha 


in cost reduction can productive ly bn 


a material rea onably consistent 


noticeably improved so that future effort 
vuided into 
areas of technique improvement and proper tooling 
uniform strength and quality are attained 
effected by 


Conee 


further reduction in cost can then be 


increasing the versatility of titanium, Le, avail 
ibility of large sheet plate extrusions, and forg 
n and relying on the normal learning-curve 
characteristic of any fabrication proce 

It is important to note that much progr ha 


been made in the field of titanium fabrication eco 
roomie in the past few yeat but at the early stage 
of titanium fabrication, it wa nece ary to devote 
much time and effort to becomin 
the material. This effort wa 
by lack of knowledge of the inherent characterists 
of the material and the effect of these character 
tics on fabrication processing. Also, little wa 
about the effect of fabrication processing on. the 
material iderable knowledye 
area o that today 


acquainted with 
everely handicapped 


known 


characteristle Con 
ha been accumulated in these 


much is known about each 


References 


We use a different term for measurement of eco 
peight In 


bylide ve are now making redue 


preci lon 
orged titaniun 
ons in the order of 35 to 40 pet in raw-to-finished 


ht «i compared to carl method that used 


Ou learnin curve has been low but at the 
esent time e have developed successtul produce 

on methods for stretch forming the higher grade 
illo ich as 6 pet Al, 4 pet V, and alloy 110, at 
oom te perature and ele ited temperature, to elim 


thy development 


ard produe 


(gordon has presented sore 


int i] and ntere fact concernitl fabri 


JANUARY 1957, JOURNAL OF METALS 169 


W. Jessup, Indust Future: I perity With 
4 \ Ne t¢ t¢ Ihe Hed ed 
Panelists 
i: North American Avia 
with Bendix Aviation 
eronautical Co ol 
Engineering Metallurgist with 
the Pratt & Whitne Div. of United Aircraft 
Corp 
e A.L. Rusray, Director of Research, Wyman 
i inate re stre ‘ 
‘ 
p Ltd Pitanium weldin 
on roduct ste 
However Ne are propre ing tow 
@ SAM CARPENTER, Head of the P uci t tion methods on all alloyed race I am certain 
Group workil n titanium at the Conva ome of the other panel membe in the aircraft 
Div. of General Dyna cs Cory ndust are further advanced, but we can see the < 
e of Tom ful production method fusiol! 
Mr. PAETZ: We are ve much encouraged far nd re lance ind t VALE Within the next 
fabrication and cost ire’ concerned earl 12 to 18 
ng curve has been a long one, but in the aspect of Me. Carpenter: M 
have made nificant pre ‘ mn cost reductior cating costs of titanium. Our problem is that design 


To the left, is a 


MR SHARP This titanium alloy, low compressor rotor used These are J57 first stage compressor blades 

in the J57 engine was originally of the Ti 150A analysis but semi precision forging; immediately to the right is an as 
it was soon changed to Ti 140A. Engines with rotor com rolled compressor blade; and at the right of this are the 
ponents of 140A, 130B, and the 6Al 4V alloys, all in the finished blades, photographed in both directions. In the case 
of compressor blading the utilization ratio ranges from 0.25 


to 0.50 


annealed condition, are currently being shippe d 


roportion Mr. Gordon tated at there 


to \ ot formin ind 
than thi for tita 
titanium sheet metal 
ation experience eneral concurrence 
veight advantage 
fabricating techniques are established. The 
ts of teel and titanium be 


conclusion, consider 


rence between co 
principally one material 

this difference will 
o be more expensive than steel by approx! 
$16.50 per lb of fabricated weight A 50 pet 
in cost of titanium will reduce the dif 


ferential to approximately $6.50 per Ib of abricated 
ve ht. The potential weight advantage of titanium 
decreast the 


1] how 


reduction 


its useful temperature ranpe 
pread between steel and titaniun 
fitanium ha been hown to advantage 
trength-weight basi and w in accept rie 
nerease. Mr. Gordon, in his discussion of What 
pound worth? emphasize the importance 
There must be a balance between design and 
aving. The cost of producing a design depends on 
how well the engineer does hi job: he must accept 
omething le than perfection, otherwise 
ts will be le ignificant in relation 
but unfor titanium allo heet programs sre under 
upel development by the Dept. of Defer They 
trength levels which will be sub 
than rrent alloy 
be anticipated for 
SPEED TRENDS 
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- 
rn 
i) ‘ Al risa eated an er 
bale equ mmedtiate olution b niun 
thee che ‘ \ ‘ ot f «le n parametes must fab) 
rece 
Kel Lubrication diffe 
‘ tructural material 
‘ W } re ‘ 
clear radiatior 
m 
bine 
would lowe the cost of tabricated | 
inve of $48 to pe by 
If ler steel the new irdstick, ther 
veo ot 
the t of titanmiut eutior clin not a ime 


made on some of the surfaces, and to the right is the finished which is slightly better than steel 
part. The utilization ratio for the spacer is about 0.11, which 
we hope to raise 


would be? And also. what effect would the estab 


two product 


Mr. Suarp: There is a place in the aircraft engine 


for example 


There is one thing that must be kept in mind with Mr. CARPENTER 
ret pect to ca tin in the aircraft engine that is thes 


dimpling of 6 pet Al, 4 pet V alloy We have 


will have to devote a great deal of attention to it It 


form equall a yell as cold formed 
titial leve | low 


titanium 


three years ago 
There are many manufacturing techniques for 


making compressor blades—gap rolling, press Me I 


t{USTAY: On one particular part, and I 


duct 


optin tic cle 


JANUARY 1957 


This is the titanium compressor rotor spacer, produced by Finally, a photograph of a compressor rotor disc torging and 
ring rolling. On the left is the forging with a few rough cuts the finished part. The utilization ratio here 1s now 0.36 


outline the process and equipment used 5 
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therefore ¢ ential that positive tep be taken to Mr. SHARP: I belheve that as far a properts of 
establish programs of know how for hop fabrica the blade are concerned, we have een comparable 
tion properties from both the precision type forging and 


the rolled product. If you get your finish dimension 


If Zs uitable ca ting process is developed for tita down closet to the finished part thie Vrain flow 
nium, how large a market can you expect? Can hould be quite comparable in the eritical areas. We 
you estimate what the cost per lb of this casting haven't seen any marked difference between the 


lishment of the ca ting industry have on the util At the present time, the best utilization ratio we 

ization of scrap? have on an airfoil happens to be with the rollins 
Mr. GORDON To begin with, the pres nt casting method, but I will say that great advance are ben 

that are used in airplane are, with few exception made in the precision forging of blade 

magnesium. Some are other forms of aluminum, but 

these are made because there is no other way of Has anyone dimpled 6 pct Al, 4 pct V alloy sheet 

fabricating the part with consistent results? If so, would they briefly 


cond 


part of the question is’ Is anyone stretch forming 


for cast Uitanium ome of the more complex shap the 6 pct, 4 pct Al, 4 pet V alloy? What tempera 
relativel mall parts in the vicinit f the shaft tures and methods of heating are being used? 


No, we have no experience on 


done 
will have to be weldable I think we are now at a ore pot welding We have done ome limited 
point with titanium forgin and sheet where we tretch-forming tests with it. It was cold forming 
can weld with some confidence. The casting peopl no heat was used, and there was no problem witl 


Mn 


Could Mr. Rustay give us an idea of present day 
Manufacturing techniques... parts cost as opposed to what they were two to 


think 


forging, and drop forging. Which technique is con the comparison will carry over into othe: wnflies 

sidered the most economical from the standpoint part ve started with a piece of stock that weighed 
f the forger and the user, considering die life 114 Ib. That de = wes refined te shout 76 th: aon 

machining costs, dimensional accuracy, etc.” 4 is in the neighborhood of 55 Ib to produce the 

Also, which gives the best metallurgical product? ame finished part. We have now reached a point 

where the improvements are poing to be harder te 

Mr. Paetz: Titanium does not behave in a manner come b 

like stainless steel with respect to strength, because 

of forging temperature and reduction. This | ust MoOpvERATOR THIELEMANN: Could you give us an 

one of man variable o, instead of 


71 


“ 
| 
rite 
answer, the only thing I can say ts, knowing the can eventually expect ay in juare imehe and 
ipplication, strength level, and MMfilities that are forged a sixteenth of an inch to size on all surfaces” 
equired, then the best proce may be elected. No Mre Rt TAY We don't knov We have a part 
fixed single proce can be determined a iving the from North American that is about 8 ft long. The 
only answer to the problem proposed an —ERRREEMMBsign as far as we were : 


tooling and the 


in deve loping 


Titanium cladding discussed... 


any work been done on the tri-cladding of tita 
with r to ther materials where heat or 
trength might t be a factor. such as has been done 


“machines easier than low alloy with steel to stainless and plastics to steel? 


‘ 
steel eee In. FAIRBAIRN ‘fo have been investigating clad- 
)} aluminum for purposes of low 
been looking primarily into 
and we have not been get 
that, I mean the coat- 
and hardly 
We intend to 
value 
prett' w rignt now 


McPHERSON: Just a word about clad 
on steel, which, for many application 
attractive proposition. This can_ be 
il sort f roll-cladding technique 
odepositio vt me point out that if 
high rature 

there would be danger of de 
the incompatibility of titanium 
lavers. Therefore, if 

room temperature 
would be indicated. If it 

| service, a barrier mate 
under research. I 

material is, but there 

uitable barrier material We think there 


derable hope for titanium clad steel 


any of the panel members know of any investi 
tion of the chem-milling technique in reference 


titanium mac hining? 


Mr. FarnBaAIRN: We have been working with chem 
lling on titanium, as probably many of you know 
possible to chem-mill titanium to get toler- 

f the order of what you get with aluminum 
problem is the pickup of the hydrogen dur 


the chem-muilling proce 


Mr. CARPENTER le j likewise doing work on 
etch of titanium for n i removal, and again 


nential a problem. To give you an idea of the 
luminum re doin ome work t week on 
) ri \ “ etched ff 0.010 in 
thick material, and 
I checked the fen 
vhich Renfre vy ha hown 

with that data 


We did observe some unusual re 
pickup. The amount of hydrogen 
ill removed varied, depending on 
: were immersin our bath. Thi 
expected. Different a-f8 alloy 
of hydrogen 
“ thi 


} ire n 
We 


nd out 


172. JOURNAL OF METALS, JANUARY 1957 


1 We ided considerable stock to it, but lebatable, depending on the type of i _ _ == 
wi ke it to meet delive commit experience of the company involved i=___™™! 
‘ i! ist that lor nd perhaps longe 
take j | luce the contou 
" i ti it if i if I 
: 
Tene lit 
hit be 
hve producer nave isked ft r large hneet Mone 
} ec the expernence that joint increase na 
j weight f further development of welding titaniun ! Cla 
permet pet etficiency int will lor jer sheet ervice 
te tie 
ré juired Al will be ised for 
tener j wel j we on 
to be 
no diffu 
vi vv ! ‘ he to beu 
‘ velded structure lam thinku of brazed 4] ir 
b type of structure where veldabl 
ian 
‘ bast ond the ‘ ‘ i ‘ ire now 
kee the bette tructure ou end u vill fro 
on the questior fostene ve t 
; in heat-treated. fastens ry thre 
teal? ral Crew 
vIn rei I would ke: te mn relation te 
fias i Fort Worth D on aout 
ail 
pet \ \ ‘ mia TT 
tial | not prese t ut iture vher 
thre are mou ‘ tin 
| 
bdow Mr irrive 
f the t formula for 
ly ived aroul 
suite a } nad af 
tudy and ition, realized 
itis ecurit ‘ lhation 
ont 1} that the figures are reasot Mr. Fan 
’ close to the erall total learning curve ex ilts on I 
ent that has bee: leveloped throurtl i stud of picked u 
thy ft « furu W {1 War Il the alloy 
‘ vant to empha that the learnu ht be 
funeti ence) cine ft rial ferent rat 
iden na that it ¢ bye ither ea evaluated t isual thin 
ila ‘ thy tud thi different ne mills also gave aitreren alt 
stunt nent value and these differences were quite 
few ‘ oxy 
ur 
be the sce of don't know why th We are 
‘ rial cle ‘ ‘ ) 


Symposium On Titanium 


nalytical Developments 


Chairman: Ben Mesick, C/)airman of the Los Angeles office of Arthur 


D. Little Co. 


Moderator: Rudy Thielemann, Metallurgical Department, Stanford 
Research Institute, Palo Alto, ¢ alt}. 


Speaker: S. Vigo, ol the Anal tical ( miuistry Brann h, W ater 
town Arsenal Laboratories. 


recent years, approximately ten different alloy the cooperators on a given task force had previous! 
types of t 


titanium have been developed and made had experience in analysis of titanium 


commercially available These contain elements in Fable I shows typical cooperative data for range 

concentrations up to the following nominal amount averages. and tandard deviation for chromium 
Al, 6 pet; V, 4 pet; Mn, 8 pet; Fe, 2 pet; Cr, 5 pet molybdenum, and iron, the latter by two method 

Mo, 3 pet; Sn, 2.5 pet. Interstitials and impuriti lable II show milar data for manganese, nitro 
uch as carbon, nitrogen, oxygen, hydrogen, tung en. and vanadium Othe: ample vere analyzed 
ten itheon, and magnesium may also be present to besides those illustrated 

ome extent in these alloy In titanium pone lable I ive the data for tin on one of the 


chloride will also be present, and there is more em 


amples run. A statistical study of the 36 separate 


phasis on magnesium in sponge than in fini hed determinations give a standard deviation of 0.03 


n on nye 

titanium. In some sponge material, there is also an pet, which means that, at the 95 pet confidence level 

te I 

nterest in sodium 4a single determination on thi ample will be e9 

Development of the titanium industry in the late pected to fall between 2.58 and 2.70 pet Sn, 19 time 


1940's brought up many analytical problems: briefl out of 20 
f2 
1) whether existing methods for other allo , 
Amon the element thiaat the panel till Nott 
tems, particularly ferrous, could be adapted to tita 
ne on carbon. Recommended methods tor deter 
z) whether new method would have too bye : 
mination of carbon b ombustion in a@ resistance 
levised; 3) what could be done spectrographicall 
. tube furnace and t combustion in a high-frequen 
b olution technique and 4) whether the metal 
furnace are now under preparation, Three rounds of 
ui ifficiently uniform so that a direct metal spec 
} lt huve pean te ted eurl it iit howed 
Ota ic anal Wa 0 
Int marked discrepanct between laboratorie and a 
Ve researcn Poprathn were Carrice ou 
Aes ss _ pronounced difference between the two me thods of 
compan research institution universitie and 
combustion vitl the result high-ftrequen 
Government laboratoriv Some of thi work wa 
ombustior in eneral runnin low Since the 
done under the sponsorship and guidance of the 
in th arbon deter ! mare usual i 
Watertown Arsenal and the Wright Air Develop hi 
‘ ! i ‘ er 
ment Center. It appeared from the large amount of 
: ilt ine e me ly « ect. On the latest round 
unevaluated analytical information that was made 
i ple howeve data have pull tovethe 
avallable and the pore inp need of many 
nicel although the i slight difference be 
tories new to the field, that dissemination of reliable , 
‘ ! Hust ethod i ool 
information could best be accomplh hed by a co j 
pabie 
operating group who could screen method test 
them on a round-robin bas! and make recon Fo bie ele tion ehlorid itaniun 
mendation This was the mission undertaken in ponge, acceptable results have been obtained ove 
1952 by the Watertown Arsenal Panel on Method f 0.02 to O20 pet i 
of Anal of the Metallu ical Advisot Commit eh de method the method to be 
tee on Titanium, an advisory roup to the Ordnance ecommended | the pane 
© about 90 member! A task force ol tul ten till aet | } 
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| 
about 80 pet of whom represent private, nongovern pears to be cor ig to the conelu n that a colori : 
mental organization metric method based on hydroquinone will be ae 

The data are indicative of the type of precisiot ceptabdlt 
to be expected in the determination of these ele Fo ilicon, a task force | till active and will 
ment Please bear in mind, however, that not all probabl recommend both a ravimetric method 


Fig. 1—Determination of oxy 
gen by: V—vacuum fusion 
method, B—bromination meth 
od, C—chlorination method, 
and S—spectrographic methods 


The | and 


If we look a 


ould deduce tendem 
three f th ! the d 
ween the wo end 


led to the conclusion 
between the end 
normally attributed t 
in duplicate determinat! 
rovements have been 
ny aluminum. Wor 
in i much 
method in which 
element are ren 
odium hydroxide 
as before, with &-hydro»x 
This method 1} till not 
ibout 6 hr total elapsed 


quit 


Table Typrcal Task Force Results for Chromium Molybdenum 


and tron 


Table 11. Typical Task Force Results for Manganese, Nitrogen 
and Vanadium 


laboratory Kange, Vet sample laboratory Range, Pet 
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| 
al ii li il il il | | 
od fireet fu riot the ela iniple in pota no resampling is involved In the first column 
i ilfite mid ‘ ) etric method each letter represents a different bar and heat ol 
! ten n ofl itl nur Al-V alloy 2 are taken from the ends of 
element his led a thors path for ehe t 3-ft X's results, we 
nd cident ect he When the A toward 
i ty od sttention ty niu fou flerence 
‘ i ! A i i eed that there pet and 
rie wetieal method of chemical determina ito esult we 
15 tion, but that its deta ind interferences would hat the differences in 
} bye ked out he method nm essences ve minor and are 
eparat of thre hy mean of reasonable anal tical 
y ipl nm precipitate md solvent extraction fol ns on the same ample 
eal t precipitation na i rmetri letert nia ade in the me thod for 
thie i! tt b-hyare quinoline is now In progr on 
‘ nee there wa enera yvreement on the method i, perhap more accu 
in task foree was established merely to te im and other interfet 
terlerenes work out the detail A finall by precipitation with 
eco ended | the panel, the method take nto luminum dete mined 
how 4 ilts fre two laboratori Y and rapid it require 
y ene? workil corny Uhve moe portion of chip that analyzing a numbet 
Pet 
Laat td Dev Between Lab 0 08 
! ese 
‘ ; ‘ Lh of Lut 2 
‘ 
of vie 
V¥A4 m2 990% 2 99 
0.04114 
we il 0 040 pet 
Ihe t Hetwee Lat 0 001 
rit 
4 2 2 2 
004 of Lat 2 62 pet 
t Lh ee Lat 0 OF 
t dete tion the ‘ licate arn be { dete t 


of samples together, of course, reduces the time pe! 
ample 


In regard to the dete 


nium, the 


rmination of oxygen in tita 


accuracy and precision of determination 


of this element are not entirely satisfactory, although 
perhay not as bad a ome would like us to believe 
A basic difficulty, of cours is the lack of standard 
ample containing absolutely known, uniform 
amounts of oxygen. Reference samples for coopera 
tive tudi have been made available, but it Is a 
problem to separate erro! due to po ible non 
homoveneity of the material from analytical varia 


warded 


us the standard method for oxygen, but it require 


ions. The vacuum fusion method has been re 


nplex gla appuratu vacuum system high 


temperature, and involved technique Because of 


the time required for repairs and breakdowns when 


incapacitated, and for prolonged 


when it is workin many analyst feel 


about one day is required for 


There 


ments, notably the use of a platinum bath instead 


determination have been improve 


of a tin or iron bath in which to fuse the sample 


The platinum bath is now being evaluated by 
f 


ask force and holds promise of shortening the time 


required for an analysis and for increasing the 


capacity of the apparatus to run amples without 


and outgassing 


Considerable developmental work ha 


additional loading 
been done 
in recent years on a bromination-carbon reduction 
method for oxygen. Here again, the 
not imple ilthough it doe not 

tem Othe: 


fication of the 


aupparatu l 


need a vacuum 
problems are concerned with puri 
bromine and the obtaining of low 
A limited amount of work has been done by the 
chlorination procedure. Here, the apparatus Is sim 
pler and capable of turning out more amples pet 


da but a limitation is that it seems to be more 


Table III. Typical Task Force Results for Tin, lodimetric Titration 


Range, Pet Ave, Pet 


sample No lab 


Table 1V. Determination of Carbon by Combustion 


Sample Neo 
Pet Cr-? Pet 
Pet Mo 


Sample No 
t nalloyed Ti 


0.04 
0 004 


titanium 


than 


applicablk to unalloyed titanium 
alloy 
trographic me thod for oxygen, 


here is a new spe 
f Fassel at lowa State Col 


done t Pro 
which ma 
the method just mentioned Ile ha 


method for determining oxygen in metals by 


beings 
conceivably result inp antiquating 
deve lope ad al 
a small piece of the sample in contact with a pellet 


f nickel In a special 


graphite holder under an inert 
atmosphere of oxygen-lree argon ga Under the 
the two metals fuse and oxygen 
which 1 


pectral intensity ratio of an oxygen 


conditions of arcing 

liberated as CO decomposed under the 
excitation The 
line to an argon line is fairly consistent for a iven 
ample, and is correlated graphically in the u ual 
manner against the amount of oxygen present. Fo 


titanium a platinum bath is used instead of nickel 


and details of the procedure are expected to be an 


nounced oon b Prot kussel Lhe procedure j 
potentially capable of relatively high peod bby tint 
f uw direct reading pectrograph, a single deter 


ination may be a matter of about 15 min work 
ky lis a chart of the 
oxygen by these four method 


data so far obtained for 
Spectrographie result 
hown are not truly independent result ince the 
vacuum 


eutter 


calibration is based on the average 
figure but they do illustrate the extent of 
rhe results t bromination tend to run, almost con 
istentl lightl higher than b 
Che range of results, from low to high 
operators is somewhat better by the bromine mie thod 
than by 
by the two method are, ino general 

In regard to the 
titanium, thi ubject ha 
the sponsorship of Wright Air Development Center 
Various method 


traction, equilibrium pressure 


vacuum fusion 
co 
vacuum fusion, and the standard deviation 
comparable 
determination of hydrogen in 
been investigated under 


including vacuum fusion, hot ex 


and combustion, have 
pecimens. ‘These are said 


been applied to a group of 


Table V. Determination of Aluminum in Al VTi Alloys 


labeoratery laboratory ¥ 


Pet Al Difference Vet Al Difference 


sample lab No 


Table VI. Spectrographic Analysis by Solution Methods 


Vet be Vetter ret Mu Vet Al 
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that on the 
Har End 
WA-44 2.57-2.64'9)° 2 62 
2 63-2 67:12 265 \ 2 746 004 
; 2 65-2.7016 2 68 7 
2 62-2 OF 264 i Z 6.343 7 ool 
Average of Lat 2 64 pet ‘ 702 7.12 
td Dev. Between Lab 0.02 ( 2 701 Th 712 0.00 
Average of Dete thor 264 D 714 71 
td De f gle Dete the 003 2 721 ood ‘ 4 
2 745 7 Hol 
‘ “16 
* Parenthetical figure ficute umber of det tior 
G 2 7 45 002 
Pet C, Avg, All Lat 0 204 
f erating lat 13 ‘ “a 
«te ‘ to 26 4 to 26 us 
‘ ‘ ; 04 
Ava. ¢ 2 74 
by tube method 207 “ 
‘ tube et) Oot 2 26% 
g H-F method 012 017 


A 
i ina Ty til 4 panel task force nha worked on a group 
equilil ire specimens made available by Watertown Arsenal 
alt ective Na concerned not () ich with 
ect tect tion of accurac that tat tie yn the 
fered the ad eed ite ints of the elements present, a vith 
of to tl il et let natior prec ol eproducibdilit of re- 
t tituniu I} ‘ ilt e of the pecime vere fror ingle 
ly i! ethod i hich the ple elted ite ind othe fro double melted 
‘ micdl the ition ‘ ed | It can be stated that the degree of variance 
technique tation ( ed f the results showed a great improvement in the 
it thie j j Lucite cu ue ibyle elted ove the ‘ melted material 
it | i j i cr ‘ ept i re the flouble melted all i 6 pet 
! ! i md 1 ite a } the 6 put t \ } pect \ en 
‘ | ‘ na rye eu ‘ pect ito il ‘ wed a 
trie Cu ‘ ijt apparent variation o1 ocatiol pa 
il at? i? trie ia] tave of ‘ i ‘ ne ae oe ol cutte The tabu 
! i ‘ oF | thie ‘ ‘ steel ‘ ii? obtained il il the 
‘ bile ‘ eit ect phi three cooperat ind 
‘ net ke the fu potentia of the Iditior x fluorescence al one 
if wud the ition ijt } the preeediu nad evidence based on 
ioted u i bole A thre t chec} ear that the ext ination 
has beer lone f thie pour I the W ht A frequent en that the mate i not uniforn 
Develoy ent Cente ind nad huis itn it (there i eat deal of catte! nm the 
rie it thie it nomethod and direct excite pectre ‘ ijts) not alwa’ borne out 
! trie i ict A tr ‘ i | ii che ana art made My own 
‘ ‘ fe t? stole that the direct pectro raphie method 
! eu Pie | rie i becnuse the tr ite it ist be developed furthe pa ticular! n ‘ ird to 
if! i Core mended ! ‘ citut naditior yvorkKked out, bete t will have 
veri f about nine exposures t btain a rey eneral application in the anal of titanium allo 
‘ tial nia tye fitsar it | 
t the techy ist not teu tole Th views Gnd opinions expressed in the foregoing are those of the 
of aw without mult aker and do not nee arily retlect the official attitude of the Ordnance 
mp 1 Department of the Army 
Table VII Analysis of Sample WA-68 for Aluminum and Vanadium; Nominal: 5.95 Pct Al, 4.01 Pct V 
Vet Aluminam Vet Vanadium 
speet Range 
men and Ne std std Coet 
Method tab No of Detns Ave of Var? Ave of Var+ 
; 42 2 
i i i 
“ne ‘ ) 
Di 
iscussion of Analytical Developments 
WI t deqrec nfidence thre nel put in ewhat different approaches thie on bath tect 
the } mover net for xyger plie the technique and the plat num bath 
technique 7 nd tl the analytical equipment 
KINLEY Wie it had i lirect i technique Va trot labora 
‘ ‘ vith the if technique Hi eve t to you ! ht expect to have a 
| tt mitt 1 ‘ thie juest vn i? ‘ i! ‘ el ‘ ijt inde these 
| trie iit 1? nia oer tulkil it nait ! f test thar thie vere made on a cor ‘ 
‘ ‘ tM the fu or thie ‘ iit I have eel I would it that 
ilt ere byt ‘ lt } he standard deviation of result Htained t bror 
ate nat Ik Vor i trires three t ‘ that obtained ( eful vacuur fusion 
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i 
I 


analyst I fee! that the final answer will have to Is it true that National Research is working with 
await preparation of samples of proven homogeneity a spectrographic instrument company to spectro 
graphically analyze for hydrogen, oxygen and ni 


it was stated that hot extraction and equilibrium trogen, and if so, what can you tell us about the 


pressure methods for hydrogen analysis are quite method? 


rapid. Please comment on indicated accuracy of 


these methods as compared to vacuum fusion Mr. DuprRAW: I can say this unofficially National 
techniques Research 1 Workin directly with or Fassel 
If spectrograph oiling to knock out vacuum 
Vin. MILE All of our hydrogen determination fusion, National Research has to play ball and tt 
ire made | hot extraction. I think the method 1 to develop competitive equiy ment. There is no doubt 
much more accurate than determinations by vacuuln about it timewlse if it ever worl out itt just 
fusion. At least, that is the method we are usin} voing to knock out every other procedure as far a 
and I don’t have any direct experience with the interstitials are concerned 


determination of hydrogen by vacuum fusion 


Being a metallurgist, | still wonder what the col 


Mr. CLARK: We have had experience with both lective opinion otf the panel is on the accuracy of 
the vacuum fusion and hot extraction methods in the analytical method for aluminum as a practi 
our laboratoru While the vacuum fusion method cal. commercial method 


used primarily for determining the oxygen con 


tent of titanium, hydrogen is also quantitative ly re Mr. CLARK Aluminum certainl cuuse more 
moved from the ample during thi analysi and trouble in the analytical laboratot than most ol 
accordingly may also be determined the other metals alloyed with titanium 
The peed of the hot extraction method, which As Mr. Vigo has pointed out, recent worl by the 
everal times that of vacuum fusion, results from panel has resulted in one new me thod for aluminum 


the favorable combination of several factor hydro and a modification of the earlier one Recent round 
gen is quantitatively removed from titanium at tem robin results b everal laboratorie using both the 
perature vell below its melting point; no other ga new and modified methods, indicate that aluminum 
removed under these condition and the lowe! analyses can now be run with about the same pre 
temperatures permit the use of equipment which cision that Mr. Vigo reported for the other element 


need not have any graphite inside the furnace area Even though the variations encountered Tor sor 


«4 condition reducing outgassing time to le than elements may still be somewhat larger than ideal 
1 hr. For small sample this quantitative removal they are at their present level only because vet 
of hydrogen requires only about 5 min at tempera ignificant improvements have been made im thei 
tures of 1400°C accuracy by the panel in the fev eurs it has been 


active Additional improvement vill certainly re 


ult from further work 


Based on standards which we run with each load 


of sample we have hown that the hot extraction 
method ha u tandard deviation of about 5 ppm 


Mr. Vigo has suggested that perhaps past varia 


tions in alloy levels were due t analytical method 


hydrogen for a sample having an average hydrogen 


content of 201 ppm. This value was obtained using 


rather than heterogeneity | would like to hear 


the results from two units and eight different opera 
ton ver a several-month period comments from the panel on this point for various 


alloys containing tron, m lybdenum, and alums 


num 


Mr. Grirrin: Iron, think, Is vel evenly di 
Panelists tributed in any allo At Malloi haron we dont 
e T. D. McKINLey, who ! Research Supe! make any analyses except for residual on, but | 
at the Pigment Department Experi think po ibly there 1 is much erro nthe ana 
mental Station of E. I. du Pont de Nemout lytical results as there is in the material itself 
& Co 
Mr. ERNSTER: Within the last three weeks I had 
e J. E. Grivein, Chief Chemist for Mallory occasion to work with one company on the problem 
Sharon Titanium Corp., has been associated of aluminum in titaniun Phe mill source analyzed 
with Sharon Steel since 1941 this material and found 6.2 pet Another laboratot 
e Howarp CLARK, who has done much work analyzed the same sample and found 6.79 pet "The 
on oxygen and hydrogen analyse for Rem ample wa ent to a research laboratot for anal 
Cru Titanium Ine W a former! researcn is and these result vere ¢.15 pet Qjur laborator 
metallurgist for Remington Arm checked the 7.15 pet result but we feel our wort 
e Artuur F. Ernster, Chief Chemist for the was no better than the othe 
Ford Motor Co previous! u research Anothe! et of howed the 
chemist with Buiek, Glidden Paint and pread The mill analyzed it at 6.5 pet and othe 
Stuart Oil laboratories analyzed the ame sample at 7.4, 6.4 
@ Witiam A. Dupraw, Chief Chemist with and 7.8 pet—better than a whole percent difference 
the anals These umple vere taken off 
anothet 
former! vith the Chemical Warfare Div 
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EZ answers in the realm of probability 


IV. Practical Problems 
Associated With the Contro 


of Interstitials 


Chairman: Ben Mesick, Chairman of the Los Angeles office of Arthur D. 
Little Co 


Moderator: Rudy Thielemann, Metallurgical Dept., Stanford Research 
Institute, Palo Alto, Calif. 


Speakers: 

C. W. Handova, / itanimm Engineer, North American Aviation Inc., Mis 
tle Development Drv. (Delivered by Tom Janus, also of 
North American). 


Lee Busch, Director of Research, Mallory Sharon Titanium Corp 


Hiram Brown, C/nie} Metallureist, Solar Aircraft Co. 


|. In Welding and Forming 


Excerpted from an Article by C. W. Handova 


carbon, oxygen, and of hydrogen required to cause embrittlement i 
nitropen, long have been recognized as the most lower as the strain rate decrease but there appea! 
important and the most troublesome impurities in to be a tolerable amount of hydrogen at all testing 
titanium and its alloy In recent years a consider- temperatures. This tolerance decreases as the test 
uble amount of effort and study has been given to ing temperature decreases below room temperature 
the investivation of these interstitials by produce 
isers, fabricators, the military, and seve e nradeanis Fusion Welding 
imstitution A considerable amount of research work has been 
Numerous investigators have shown that carbon accomplished on the effect of interstitials in weld- 
nitrogen, and oxygen cause weld embrittlement, de ments. This will not be reviewed here; however, the 
crease machinabilit and make forming operation reader is referred to the appended bibliography fo 
more difficult by decreasing uniform elongation and detail 
bend ductilit Phe interstitial « solutions are prone Effect on Ductility: Ductility decreases as the 
to brittle behaviour at low temperatures, and they nitrogen content gor up. Welded specimens were 
have increased notch sensitivitv,. as might be ex more brittle than the parent material specimens of 
pected. These effeets probably are promoted by the the same nitrogen content. For useful weld ductilit 
high yield strengths and the large increase in yield the nitrogen content should be | than 0.10 pet and 
trenyth associated with decreasing temperatures, preferably below 0.05 pet; the oxygen content should 
esultin from the interstitial solid solution. The not exceed 0.15 pet and a more practical limit would 
, interstitial alloys are much more sensitive to strain be 0.10 pet; and the carbon content should not be 
rate than ubstitutional alloy Above room tem ‘rreater than 0.15 to 0.20 pet Small additions of 
perature allo containing interstitial decrease in carbon, oxygen, and nitrogen have an adverse effect 
trength more rapidl than do straight-substitu- on the properties of welded joints in commerciall 
tional allo until. finally. at service range elevated pure titanium. The lo of weld-joint ductilit 
temperature there little difference between the caused by the addition of carbon to commerciall 
trenyth of the allo with and without high inter pure titanium has been attributed to the formation 
tittal content The » alloy tolerate the greatest of carbide networks in the fusion zone of the weld 
amount of interstitial content before brittle be- The lower weld ductility in alloys with oxygen and 
haviour sets in, a-8 allo the next greatest, and £ nitrogen additions is accompanied by muicrocrack 
ulloys the least in the weld metal and heat-affected zones of the 
Hydrogen: Little text has been given to hydrogen welded joint 
ip to now, since it does not fit into the general pic- Effect on Impact Properties: Interstitials have an 
ture developed for carbon, oxygen, and nitrogen adverse effect on the vee-notch Charpy impact 
Hydrogen in «-f allo causes brittlene when properties of commercially pure titanium weld 
the alloys are subjected to low strain rate uch a made with different filler metals in different bas« 
occur mm rupture test low tensile tests, or during metal Weld-metal notch toughne above room 
relaxation of internal stresse Hydrogen also cause temperature is significantly lowered when the tota 
embrittlement of a-8 alloys at high strain rates, but interstitial content of the filler metal ncrease 
. higher hydrogen contents are required. The amount from 0.227 to 0.397. Also, weld-metal notch toug! 
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when the interstitial content of the 
from 0.187 to 0.212 pet. Hydro- 
a potent effect on weld-metal 


decrease 
als incre: 
gen undoubtedly ha 
notch toughne 
Filler Wire Contamination: At North American, 
1 evaluation study recently was made to determine 
extent of filler wire contamination when weld- 
One weld was 
removing the filler 
hielding cone for several seconds 
into the molten puddle, and this 
as continued until the weld was completed. A 
under conditions carefully 
revent contamination. The resulting 
ninated weld developed four transverse crack 
and an analysis of a 1 howed 0.943 pet N 
Weld minimum of contamination showed no 
l-y sample showed 0.334 pet N, and 
howed 0.122 pet N 
Air Contamination: Air contamination ha 
verse effect on titanium alloy fusion welds. A serie 
of slotweld dyechecked after fabrication and 
found to be crack-free. After lying on the shelf for 
thi months, the 
rehef treatment of 6 hr at 1000°F in a vacuum and 
cooled in 3to4hr. A second dyecheck also 
the welded however, one 


become carel con- 


wire completely 


econd weld was mad 


lled to 


ample 


the filler wire 


an ad- 


piece Was given a stre 

howed 
ucture to be crack-free 
developed in the fillet area of 
Shrinkage crack- 
weld. Thi 
king is believed to have been caused 


week later a crack 
one weld, a hown in the figure 
rved in various areas of the 
which in turn was caused by con 
welding Oxygen and nitrogen 
hardne and a Vicker 
he weld and base metal confirmed the 
nent of the weld. More complete shielding 
reas would correct the trouble 
often taken to provide 
adequate shielding. These include the use of baffles, 
ailing shields, and 


air welding and/or the use of inert ga 


hardne 


Spec “al precaution are 


pecial backing fixtures In open 
filled weld 
ing chamber 
Effect of Moisture Content: Weld 
holding all variable 
of the hielding argon ga and the dew point wa 
the range 65 to +50°F. The resultant 
re tested for minimum bend radius, hydro 
Rockwell hardne and X-ray quality 
correlation with the 


were made 
constant except the dew point 


en content 
The latter 
ture content of the 


bend 


fuiled to show any 
argon The hardne 
radius, and the hydrogen content test 
good result 
lished a 


mint 


when a dew point of 
pecification require 


ment 


Welding Summary 
titanium alloys are not difficult 
taken to protect the molten 


Some of the 


weld, if proper care 


Table | Typical Springback Values in Titanium Forming* 


Pet 
Offset Vield 
Strength, Psi 


Final Part 
Kadius, In 


Springback 
Degrees 


weld metal and the adjacent heat-affected zone 
from air to prevent the embrittling effect of oxygen 
and nitrogen pickup 

b) Base or parent metals 
interstitial content to start with and if filler metal 
is used, it should also contain low interstitials 

c) Shielding gases should be as 
since any other gas or moisture contamination will 
be picked up by the molten weld puddle and result 
in weld embrittlement 

d) Shielding on both sides of the welds ts 
ound weld joint 
sare not a good visual index of 


hould possess a low 


pure as possible, 


nece 
sary to insure a 
e) Temper color 
contamination level, for, even highly contaminated 
hown to be bright and shiny 
confizuration 


welds have been 
Longitudinal! 
lead to more accurate weld joint ductility evalua 


weld pecimen 
tion than transverse 

The weld bend ductility test) 
a sensitive method of testing welded joint 


pecimens 
necessary and 


Forming 
In addition to affecting bend ductility, the pre 
ence of interstitials also affect pring back. The 


amount of spring back that occurs after a forming 
operation can be directly related to the yield trength 
Since carbon, oxygen 
trength of titanium 
pring back. ‘Table 


with respect to 


of the material being formed 
and nitrogen raise the yield 
they can be expected to increase 
I’ show pringback value 
vield strength 

Metal flow during forming may be tension flow 


typical 


or compression flow; either type may be 


or biaxial, and both types may occur at variou 


tages during a forming operation The presence 
decrease uniform elonga 


tretched plastically 


of interstitial element 
tion—the ability to be without 
and increases the 


through 


undergoing localized deformation 
minimum bend radiu the smallest radiu 
which a sample can be bent without cracking, Table 
Il shows the effects of interstitial 


derived from a number of 


uniform elon 


gation and wa ource 


Hot Fabrication is 4 
interstitial contamination can occult ince all pri 
done in air. For the 


vulnerable proce in which 


mary fabrication is of necessity 
times and temperatures involved in most primary 
fabrication operations, the depth of contamination 
is generally on the order of a few mils or Ie Thi 
with 
with 


thin-gauge ae pth 
a problem, and fabrication conditions mu t 
be controlled. Recent studies of heating Ti-6Al1-4V 
and Ti-3.5 Mn-2.25 Al bend 
long as 8 hr up to 1200 °F are not 


calping when working 
Howevet 


heet, contamination of a few mil 


can be removed by 


forgings or plate when working 


become 


pecimen how that 
heating times a 
deleterious to the bend properti 
the exercise of minimum control on the time-tem 


Such data permit 


perature variables in hot forming operation 
In the course of heating 


1200°F, the oxide film 


pecimen 


become 


Table Il. Effect of Interstitials on Uniform Elongation of Titanium 


Composition, Pet Uniform Elongation, Pet 
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| 

mun 
howeve! 
20°F wa 
hi at 
67.52 210 17.2 lodide Titaniur aS 
24 2 6 ri-007 0 14 
28 584.5 0 12 
me 67.0 Ti-0.07N 17 
73.8 Ti-0 20 N + 
14 
Ti O27 ¢ 12 
re titanium sheet over a block Ti-0 476 
¢ igt pie After Leach and Lund Ti-0.19C-0 12 0 


‘ er pich tirne Hvdroget ch rhe composition of the pi kle bath 
thye ‘ ‘ f rat be alt yst nil 4*0.5 pet NH with t ip Via 

i Secondary Forming: The inte! 

oon ( f hyd en contamination during titaniun much more important 
I t ‘ ) wate por or re n primary fabricatior Most of the 

t heat ind anneai furnace cation ich as bending, dimplir 
a hydride batt! cupplil done cold or at slight 

the area where probiet 


f intil the pre 
the current off, j 
evel it Wa fou 
heet o anneal 


‘ i \ il mou the batt 6) Heating 
te t { on times as fol for 8 hr result 
removal by acti 


pi kup 


of idual stre 
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7) The nitri 
Te ‘ I rime, Min baths should be 
8) HNO,-HF 
15 (max) above 120° fF 
90-100 9 (max) 9) Delayed 
6 (max) ven content titar 


tretch 


holdin 


fell to le 


ure 


ind furnace cooling 


40 


the 


that about 


fell 


nd 
ed 


below 


and it 


tenia 


Itanium 
in 
1 doe 


not involve 


pet HNO 
r as remaindet 
titial content of 
econdar’ than 
econda fabri 
tretcning and 
ele ited tem 
are most seriou 


han turnir 
to 600 F. How- 
et of the ‘I Mn 


ou Oxi 


110,000 


inimum 


p ield strength specified for t! alloy in AMS 
1908. Subsequently, the temperature wa lowered 
to 1175 F, using about the ame time indicated 
above. Even so, the yield strength dropped as low 
us 99,000 psi in some Cast 
Forming Summary 
Crack in a welded piece due to air contamination (A At 8, 1) Interstitial are definitel detrimental to 
an oxde skin and evidence of some cracking was observed forming operation and must be controlled 
Gas pocket porosity was found at ¢ 2) The ease of forming Utanium | directly re 
lated to the eld trength and mewhat de 
the pendent on the pread between the ield and ult 
thre tempe sture and tir mate treneth 
therefare. thin sheet is most trength level 
wninatior 1) Hot forming can overcome the trengtheni 
tamination in desca effect exercised by inte! titial ince the interstitial 
} ‘ ke le suite serious, especiall trength and normal trength the irre it 
{ ke the Ti-8® Mr which. unde the elevated temperature 
‘ fitter it | e hvdroven than un ») Interstitial elements decrease uniforn elon 
ation and increase minimum bend idius in tita 


Hk 


pickle 


ec acid content in 
controlled and not fall below 20 pet 
pickle bath hould not operate 


racKkine ¢ rt 
jum mate! 


‘ 


hydrogen piedup Gurin odium hydride Difficulty with forming failures In ri-100 
heet (a high-strength grade of! commercial Ti) wa 
ascribed to high hydrogen and W i eliminated bp‘ 
: vacuum annealing of all hydrogen Ti-100 sheet The 
{ 1. ing to 1300°F in 3 hr, at 1300°F for 6 hi 
: mum alloys up to 1200 F 
filrn whose 
much hydrogen 
ith a super-imposin 
t bon, O en, and Battelle Me Institute i Lat t 
rit Tit cA Parts W) Failed by De ed ' rML Re 
ro» rit Dete Hattelle Me institute: The Oxidat f Tit 
rit i \ Re t N i 
Hattelle Me Institute The Diffu Interstit nd 
oaths shatitutior Elements in Tit mL t N Octobe 
Rostoke ip J De! The Influence of O en 
‘ bute 4 674. N ‘ tee 
ows Battelle Me Institute: Welding of Titaniu i Titani 
‘ ‘ Jit ee We rMi N Fe 7 
James Johnst Effect ‘ { Nit ‘ 
rit \ Veld 4145-416 954 
} Fitect ' P 1 J nad Hartt ‘ Toughne f 
No 4012 
‘ f ed H berger et H to A i Tit ttlernent 
June During Pickling. M & Met 4 4 
v ; U S Bureau of Mines, ¢ « Park, Md.: Effect of At 
‘ the Air Cont t hee t t We rit N WAI 
4 J ‘ Decembe 19 pt 1D 49 


2. Control of Interstitials In 
Titanium Melting and Mill Processing 


Excerpted from an Article by Lee S. Busch 


HEN titanium was first successfully arc melted 


argon were almost 
atmo phe re will 


itmospheres of helhum 
universally used. Generally, 
ucce fully uppre absorption of oxygen, nitrogen, 


Water Vapol 
ent in helium or argon, will be absorbed by 


and carbon during melting however, 


and this will, of course, remain in the 
atmospheri hydrogen and 
Vacuum melting under the proper conditions at 
of 30 to 500 » permits even better control 
titial 


the furnace must be completely evacuated 


absorption during melting sefore 
ometimes flushed with an inert ga Very 
ates must be obtained in the furnace, and 
peeds must be high enough to remove 
from the melt. Oxygen pick 
probably more closely related to the presence 


as it evolve 


to the presence of ait 
than 


r vapor than 


mn pickups are much lowe1 would 


ted by the oxygen content 


Problems in Mill Processing 

Contamination of titanium by oxygen, nitrogen, 
arbon, and hydrogen will occur whenever the base 
at elevated tem 


al exposed to these element 


perature. In the case of oxygen, contamination 
tarts at about 400 F, if exposure continued over 
ong periods of time. Hydrogen can be absorbed at 
room temperature from such an operation as pick 


ling Nitrogen contamination occurs at a slower rate 
than oxygen contamination, and probably occurs at 
heated in au 


the same time material 1 


Hydrogen: n contamination 
ng processin F r formation of the ing 
done under vacuum, and 
0.002 w pet 
Howe Vel 
furnace annealing or hot rolling 
methods will, at ever 


n content of the ba 


resentl low a 


itaniun 


done in ir as in 
leaning could be done m 
the pickup of 
be minimized 


Imitation prevent exclu 


throughout the proce 
from 1200 


icuumM annealing temperature 


1500 F and pressure below 3 » reduce hydrogen 


to values below present specification requirement 
an expensive, time consuming operation and 
ently is applicable to flat rolled product and 

rounds o1 

Efforts are being 


hydrogen during mill proce n 


quate 

made to prevent absorption of 
Currently, Mal 
lory-Sharon has an electricall heated furnace be 
hind a of rolls and } 
etup to determine whether the amount of hydrogen 
absorbed during heating of sheets 1 
Furthermore all sheet 
nealed in an electric heating furnace using still au 


experimenting th thi 


materially re 
duced production an 
Gradual elimination of chemical de 


although there 1 


atmosphere 


caling is underwa a et, no 


real hope of eliminating pickling to remo, the 
layer contaminated b Kygen penetration It 1 
conceivable that overall rogen levels in. sheet 
reduced to the point 


presently produced, ci 


vacuum annealing will be needed onl in 


However, the newer heat treatabl 


where 
rare instance 
vacuum annealing 


alloys may require 


to meet present specification 


Oxygen: Oxygen contamination is much more 
erious than hydrogen. In addition to the formation 
of a loosel adherent oxide i , nad to 
penetrate the base metal hortest exposure 
now possible in the proce v titanium not onl 
which must 


vhose appearance 


ate al loosels adherent AT ile 
be removed, but al i ive! 
identical to that of the ba metal. This layer varu 
0.001 to In 
ind the time of heat 
nt ibit ut the 


in thiekne from depending on 
the material, the temperature 
resence of thi 
reducing formabilit 
thod of removin 
chemical oh 
ves an uneven 
mechanical Jul 
uccessful remov: 
ve metal removal, thi 
ontrol throughout the 
d pick 
t Hk 


al a problem 


t be dome 


contain 


e not for the 
it would be afe 
have a hydrogen contam 


rface contamination by o» en 
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W Suit Properties of Some Titanium Alpha Solid \ We Titaniu Inert Gas 
it ip to ¢ ( pp. 460-464 954 
ett H Just rit im Weld i 
C. E. Hart ‘ iD. M. Daley, J \ Welds Deposited t i \ \ hoe 9, June 24, 1954 ; 
‘ rit Base Met Part 1 i2 Ws Battelle ‘ ite The { Cart 
26s 1954. as 4 Nit the I the { Weld rit Sheet. 
414 954 Tt y 94. N ‘ ‘ ; 
Cc RY Weld Tit 4 Nat Rese the Effect Hydroge 
1 32 , Oxyxe Nitroge ‘ the Propertic f Weld rit 
1H. M. Lundst t Heat to Drop Tit QPR N \ AbD QPR. N Dece ‘ : 
Costs. Fe i 9, 1956, p. 9 1954 
J t Test Tit j \ Sheet J | Inert G Ciive rit i rut gt te 
wile ‘ TML. Re; N 12, Ju 2 1955 tive Weld Bach I \ 7 pp il i119, M 
| 
thé 
p 
oft 
and 
low 
pumy 
hydre 
up 1 
nitroge be 
in all pare 
Most 
oven 
tita 
iting 
and 
msure 
increase the hyd material 
If heating were lectri 
furnace, and if hani 
eall rather thar hydro 
en in mill prov But and 10 to 30 pet HNO, Ths 
present equipment use of hydrogen pickup. Thu 
of electric heating ta olubilit of oxyven in t 
nium mill produ to say that we would not 
Vi to nation problem 


3. Shop Practice for Control of Interstitials 


Cleaning 
If oT 


i Ti 


»H00 
» 
ct 
te 


oo 
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AMS 


by Hiram Brown 


However! 
rature 
th may 


encountered afte! 


there 1! 
not 


1000 

doe compit 
account for some ol 


ubseque nt 


caled 
pet 
30 


Welding titanium im a cabinet with inert gos purging 


the re 
too low 


nitri mid maintained, for 
ence that when n 
orbed 
1, but 


ht drop 


ontent be 
itric acid content 


oven cal be ab 


MS 4900) 
im hay 
1901) 
and 


ale ohol 

hould 
Grindin 
but soft 


where 


: closest approach to controlling interstitia 
‘ ere ‘ ood proce cont | ‘ bye 
trical i contat nint ite reduced to a p actical or 
control starts with testing incomuir the cracking often 
i jw material and extends through the final assemb! velding or machining 
hive heat of incomin il checked fo 
chemical composition of all specified elements, it Descaling 
‘ howe: en No variation fror necificatior Bet ‘ tre elheved parts are de 
equirement accepted. The material | ven, not mn an acid bath containing a minimum ofl 
pl enl test to determine tensile p pert ind 2 HE It mportant that 
botal i ‘ bend test and tear test No ia ation 
én from ductilit or bend requirements are accepted 
the heat number and markit ist . 
cine ethus inexpected should later deve A + 
ole ed before in f min veldit Ihe ‘ ‘a 
ised first to vapor ae Cun then follow 
Forming * x 
Ni il cunt ‘ firect col ‘ t? th " 
aphite employed against the di ‘ 
2 meta hit ised between the aphite 
ried the t ty be formed ome mpole bends cat ‘ 
| witl mdequate allowance to 
hie est temperature bie used for het pet 
! i ent deal depend on the alle evi 
aul followl form ature ! tly le 
ve normally used d as the 
oal so that ore ligt in concentration will 
ercially pure not cause undue difficult This mixture succes 
renpth 
i st rn I fil er ve cale formed at temperature up to 
] but cule formed above thi temperature 
P eld ren if vill require caustic de calin or Vapor blasting 
j \ 
for GAI-4\ Welding 
' In each case. certain shapes or variations in shy After cleanit proper edge preparation Is nece 
a ent of mate oma neces tute } he tempera i belore veldit normally consist of draw 
tire, but these ild be the exception followed Nipin the edge witl 
: a Dime at temperature 1 mportant and should be olvent Part thu prepare 
a ept to a minimus For rapid, uniforn ind ethoent tand neo lonpe than 8 hr before welding 
mall muttle type furnace ire prete ed vith hard wheel expre ohibited 
ich furnaces. time fro nsertion of cold bianl buffir type--wheels can be used 
unt int} haa ittauined prope temperature nee 
throughout i matter of 5 to 10 mit Only one « Ai] manual welds are made in chamber uch a 
4 oon . hould be heated at a time, and loneot} +} ‘ hown in the f ire These chambet hould 
: oukil hould not be permitted I} meal that be Vacuul ed and then purged w th argon betore 
i furnace and pre ‘ ! ist be rite rated in planni ve iin ty ! Argon flow must be continued dul 
3 hot operatior for titaniur lit and to a ure constant flow a bleedet 
Aft most formit itior titaniut all slwe hould be placed in the chambe! 180 re 
equire tre re ef. Nort illv the temperature ised ! ved tron trie rgon iniet In ordet to chect 


vhether adequate purging 1 obtained before weld 


ing, either of tw ty pe of sample may be made 
1) a weld may be run across a flat specimen of the 
bust ite il and the irtace imined tf cok 

2) a standard butt weld can be ice ind the 
per ‘ bent in the chambe 

Use of chambe! and tent is complicated by the 
fact that normal rubber or plastic will allow fairl 
apid diffusion of air through it, thus contaminati 
the welding atmosphere. If tent welding is used, a 
heet of pla tic 1 unsatisfactory and hould 
te eplaced by laminated pla ti 


Bend tests are usually considered to be the best 


quick and dirty test fot contamination of titanium 
eld Color of weld no indication of qualit but 
t ma erve as a warnin that weldin condition 


have changed. Whenever a blue or sharp change 


hould be made 


color appears, bend test specimen 

i the same welding conditions and same type o! 
aterial If color has not developed durit veld 

ing, a bend test specimen should be made when the 


welding Operation | completed 
hielded are welding may be done 


hieldin l 


Machine ty pe 


outside of a chamber, 


if adequate 
upplied to the welding cup and to the tratlet Which 


follows the welding electrode. Argon or helium ot 
mixtures of the two can be used for shielding. Again 
pecimens must be run prior to actual we lding to 
assure that adequate shielding ts bein upphed,. I 
blue or sharp change in color appea! bend test 
must be performed to see whether the conditior 
may be conducive to bad part If color dot not 


appeal during welding, a be nd test must be mace 


each 4 hr to assure that proper shielding main 
tained 

Where color has appeared but bend test have 
been satisfactory, the parts are accepted but nota 


t made on the traveler 
Weld 
deposits may not be ground, wire bru hed, pickled 
or rewelded to make discoloration undetectable by 
Quality Control 

No weld repau hall be made except in accord 


tion concerning the bend te 


ference 


accompanying the part, for later re 


ince with established weld repair procedure which 


Will pecify part and area 


Stre elhef afte veldin isually nece i 
Ir ce t educe contaminat i miu 
time at tempe iture must be controlle i where heat 
na 
For commercially pure titaniun tre ehevin 
fore it 1000 F for 2 hroin al 


Have ther coating besides aluminun been con 
idered a 1 barner layer t xygen, nitroger nd 
} jrogen during hot working operation 

lt re I think there i 


At 1000 F in air it appears that con iderable time 


an be tolerated before noticeable contamination 


ppeal At 1150 F, about 20 hr in air ts 
um accumulated time that can be tol rated Ihe 


the max! 


isual test for time/temperature tolerance 1} the 
bend test If surface cracking occul everal thou 
andths of surface can be removed by deskinning 
vith nitric and hydrofluoric acid mixture. In most 
Cust vhere the brittlene is a surface effect, the 


juctilitv of the metal is restored by removing the 


contaminated surface area 


General Contamination Control 
In order to minimize possibility of contamination 
the number of heating, pickling, and other proce 
cycle hould be reduced to the minimum. Descal 
sembly is not 


ing after final str reheft of an a 


done unle pecifically required by the custome! 
Another method of attempting to reduce contam 
to coat parts with a thin coating of alu 


tock to protect the base 


nation 1 
minum, appled to forging 
metal during the forging operation. It can also 
be apphed to parts for hot forming in presse The 
coating can be removed by pickling. A number of 


amples coated with aluminum, along with similat 


incoated pecimen have been ubjected to re 


peated heating operations and then checked ton 
hydrogen and bend ductility. The uncoated spec! 
men howed higher hydrogen pickup and lowell 
bend ductility than the coated one 

Several words of caution hould be given to anys 
hop that plans to undertake production of titanium 
part First of all, it is possible in working with 
most common metals to deviate occasionally from 
eriou 


When 


recommended procedure and not vet into 
trouble. This is not the case with titanium 


processt have been established for handling and 
fabricating titanium, it 1 uieide not gambling 
to deviate The sooner the hop finds this out the 
better off it will be 

In the second place, it costs money and require 


ood technical advice to fabricate titanium This 1 


not a cheap busine Material costly and every 
part crapped represents a bi monetary lo "The 
normal scrap percentage quoting method and 
dollar velume are altogether different than for the 


normal metal industry. Tooling and equipment cost 


cem phenomenal, but the purchases had better be 
to receive vood 


prepared for this if he ever expect 


titanium assembli 

Perhap we are over! cautious today, but ut least 
ome satistactol assemblies are being made It 1 
much easier to remove unnece ary controls than to 


to rmpose additional controls once work undet 


lt is apparent that interstitials cause trouble Doe 


comment on the 


mnyone n the panel care 


tr bles that may be enc vuntered if interstitial 


very low levels? 
y 


reduced t 
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Heat Treatment 
at 1300°F in vacuum or inert atmosphere is used Nay ; 
. *,* | 
Discussion of Control of Interstitials 
though, I think it a litthe premature to tell how . 
effective the will be : 
othe coatin both metall ind metallye Me. Perry: The first problerm would be in meet 
Mat of ther how pror e from the stand t of ! resentl pecified strength level ince these ‘ 
educing the amount of oxygen and hyd en picku eve ire based to a large extent on established 
au I neatin ration At thie ‘ ert tit rite titla conte nt 


Vink. JANt I must admit that we have had very 

v2) little experience welding plates of that thickne 
anclists However, the reason we use copper chills is to make 
evDRI _ wa Chiet af the weld metal treeze quicker to reduce the absorp- 
: tion of contamina! iling bed. Whether 

deve ent Ress it Cru 

not the problematical, 
am En lepending o1 ay from the weld 
@ 10M Prrny. Chief Metallu t fe the Tita Vik. BROWN I am not convinced that it is right 
niu 1) m of Republic Steel Cort to use copper, and haven't been for some time If 
; uny porosity exists in the welds we are not well 

@ Henn Pechnieal Direct advised in using coppe! It is common to have 
Metal Co Hon oF Ameri porosity along the edges of the weld, in such alloy 

e ! KI } Chief Metallurgist at as 6 pet Al-4 pet V, and 5 pet Al-2.5 pct on, pal 
I) n Products Ine ticularly in the early stages of experimentation. If 
that porosity exists due to the presence of trapped 
pause the worst thing you could do would be to 
In. Busen: I know that considerable research j chill rapidly and trap the ga You would want to 
1 wee date these lows interstitial chill slower and let the gas escape ince rapid cool- 

‘ t} ‘ © alor We are trying our best ing to solid metal would tend to trap it. It would be 
to keep uy th tl ind develop allo which meet advisable to consider stainle teel for back-up 

he use equirements at lower interstitial level purpose 


y Mr. JAN We use copper chill bars on all our 
rr) 4 (jf ile 
you able to remove an 6 hr, 1200 F scale with automatic weldir 


iw and a great deal of hand welding 

cid only If so, what acid composition is used? and we have not had any particular problem with 

"| j We do remove with acid. The com porosity in titanium welds. Therefore, I really can’t 

{ that hich | ive in the tall 18 pet gO along with your basic premise We do all our 
HNO, and 3 pet HCL Howeve it our Los Anpele welding with copper chills and cold metal 


‘ > oe cana, What is the best method available today for de 


A tem with Nortt scaling these titanium blade forgings between 
; — nich enables us to remove th operations and after final forming and heat 
ee cl © read with the acid bath treating? 
described. | iformation about this, you 
mm contact North American Aviation Mr. KING We try to reduce the time tn any 
pu klin Ope ration and we often use a fine prit bla t 
Are there any data to indicate that the intersti followed by a low temperature pickle in a 3. pet 
hal ther than hydrogen, cause or affect creep HC] and 30 pet HNO, bath for a short period of time 
r strain embrittlement? If you have sufficiently removed the oxide with the 
, ; urit blast, the acid bath at room temperature will 
lar a we can tell there no complete the descaling 
wh at elevated tem In order to produce better irface finish, we 
tion, using alumina gravel. We feel that this ts the 
: best procedure for our need 
te ilure Dut wal lefinitel | miuce embrittle 
ent temperature M Kessle had a Since the Government is placing in the stockpile a 
prinpoe hich covered tl fo some extent considerable amount of titanium sponge, could 
l I cu: I think I ould agree with Set we have a little elaboration on the desirable and 
‘ i In the 6 Al-4 V alloy with oxygen con practical hydrogen tolerance in this material? 
tent up to 0.25 pet, we found no dramatic effect a 
(x is high temperature tabilit yas concerned Mr. Perky: The hydrogen level in the stockpile 
‘ — nal level of , 0.15 pet O \rhese are ponge is not as important today as it was two o1 
t} tabalit teat ve think of them. and are three ears ago. With vacuum melting and im- 
een tests { vy permanent deformatior and proved melting technique we are able to handle 
ane btamed oo } if wriou tresses and more hydrogen in incoming sponge in our present 
is temperature type furnace 
Mr. Buscu: If we knew what hydrogen we were 
st mow mmon practice t have an inert ga ou to have to remove during melting, and we 
bleed into the furnace during vacuum melting? vere given enough time to get equipment, we could 
if used, what effect does it have on hydrogen con fo it if we had to. This is a matter of having a 
tent of ingot pump of the proper capacity, balanced off against 
in. Herre wily common practic: the melting rate o you get whatever volume of 
; ot essential. If the pressures are too low in hydrogen out of the molten metal that is required 
the in order to end up with a low hydrogen in the ingot 
al ow type of discharge with a spreading ar Phat is a matter of economic 
md when th happer enerall 
sg lied cussions were condensed for publication. Spe- 


cial attention was paid to avoid duplication 
Are pper chills nece iry for welding plates %4 between the various speakers and panelists. 
uw thick md thicker 
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Engineering Aspects 
Of lon Exchange in Hydrometallurgy 


The first application of ton exchange to extractive hydrometallurgy is the use of 
a strong base anion exchange resin for selective recovery of uranium from sulfate leach 
liquors. The influence of the major variables on column operation is described, plant 
performance data are summarized, cost factors are enumerated, and the probable ap 
plication of this operation to metals at least as valuable as copper is predicted 


by John Dasher, A. M. Gaudin, and R. D. Macdonald 


| jn exchange is a widely used unit operation in acid sulfate leach liquors trom which uranium 1 
Viale treatment and elsewhere in chemical in adsorbed as UQO.(SO,) and UQO,(SQO,) 


dustri It has occasionally been used in hydro 
Materials and Equipment 


etallut for treating plating, pickling, and rayon 
waste Concernin on exchange in extractive lon Exchange Material -lon exchange material 
hydrometallurey—for treating ore leach solution include natural and synthetic; organic and inorganic 
the literature prior to the Geneva Conference ha cationic and anionic; and weak, intermediate, and 
en only } ine Yet most of the ore leach plant trong varietse They consist of fragments or bead 
now being built or completed in the last three yeat normally in the size range 16 to 50 mesh. The 


newer varieties have been developed to have greater 


ise ton exchange for this purpose. Most of these 


plant ire used for extracting uraniut tability, chemical strength, and/or capacity than 
rhe overall proce for leaching lov rade ura earlier varieti The resin used for uranium re 
nium ore and the h torv of it deve lopme nt have COoOvVeTY 1 a trong buse anion exchanypet lo make 
been given in the authors’ previous pape! The ie Ro) nd \inberlite IRA-400 series, British 
object of this paper is to discuss certain engineering DeAciaite Fr, SAR 
aspects of the new application of ton exchange to thi resin tvrene plu u few percent divinyl 
recover dissolved value from ore leach solution benzene are polymerized into long chains with o¢ 
Necessarily the illustrations will be taken from the casional cro link This resin in bead form is then 
first application—to uranium metallurgy reacted to introduce quaternary amine proups onto 
Although ton exchange processes have been de most of the aromatic ring These resins are watet 
ed in which eparation of pent residue from avid gels of pecific gravity of about 1.1, which shrink 
pregnant liquor is not required, as in the RIP pro and swell by osmosis when the tonic content of the 
‘ only ion exchange operation, in which the urrounding solution is chanped. The beads which 
resin is contacted with a clear solution, will be dis- are shown in Fig. 1 can be broken like an onion by 
cussed in this paper rapidly replacing 15 pet H.SO, with water. Thi 
Uranium exists in acid leach liquors mainly as the organic gel can also be broken by mechanical hand 
cation UO and can be adsorbed completely by ca ing as by a centrifugal pump, Otherwise it is re 
tion exchange resins, but the adsorption Is not se markabl table It is unharmed by fairl trony 
lective as other cation uch as Fe", Fe ,_ Al Mg”, aoid or alkal Oxidizin or reducing apent and 
Mn and Ca’ are also adsorbed Uranium, how heat up to 70°C : 
eve forms complex anion With sulfate pho Ihe trong base resin when complete in thee 
phate carbonate and even with chloride if the chloride form (with a chloride anion on each qua 
olution 1 trong enough These anions can be ternal amine group) holds over 107 2 of Cl pea 
idsorbed by anion exchange resin The strong base dy | As all these chloride ions can be di 
anion exchangers have a very stror preference fot placed by other anion the resin has an exchanpe 
these complexe and hence this adsorption i capacity of over 3% equivalents per dry ky. How 
vel elective In this paper, the examples concern ever, the resin | old and used by moist volume 


! j in 4ains about 50 pet water, weigh 
DASHER, A M GAUDIN, and D MACDONALD, Members shout 4% Ib per cu ft, has 40 pet 
AIME. formerly Executive Officer, Director, and Chief Minerals change capacity of over 1 g equivalent per liter of 
Engineer, respectively, Mineral Engineering Laboratory, Massachu 
setts Institute of Technology, Watertown Arsenal, are now Research . = Sei 
Engineer, Research and Development Laboratory, Crucible Steel fon Exchange Equipment lon equly 
Co of America, Pittsburgh, Richards Professor of Mineral Engi ment used for recover of uranium from leach so 
neering, Massachusetts Institute of Technology, Cambridge, Mass ; hution ibstantial identical 1 that developed 
and with the Minerals Beneficiation Div, Battelle Memorial Insti for water treatment and othe ippleation The 
tute, Columbus, Ohio, respectively resin beds are held in closed tan] or column 
TP 4296D. Manuscript, Mar 6, 1956. New York Meeting, Febru which, in the uranium plant have been stand \ 
ory 1956 ardized at 7 ft diam and 12 ft high. The resin bed 
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Strong base anion exchanger IRA 400 Courtesy of 


Rohm & Haas Co 
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it per iit 
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or 9 and 


comple 
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. lo vide corrosiotr ‘ tance the resin col 
j pipll and valve are rubber-lined, plasti« 
pump inpe “unk elution makeup tanks, chem- 
el which make tne ¢ pe ition a itomati ol 
| in: Operation normally controlled by switchin 
Gaur from mn to colum: n the | f total 
the desired flow rate through the bed with the 
e allowable pre ire on the column tank, 1 
need no yuarkling clea us a slign urbidity 
| ised in each cyele 
. 
been ¢ despite 
onpeti m= and 
ft cu ft resin) and rests on a ivel other anium can 
18 in. deep. In the operating cycle the Major role 
esit which is orivinally in the chloride forn For economical ion exchange Operation, 4 rela- 
: contacted wu equenct 1) with partl depleted so tivel high loading at a fast rate with pertect ele 
hut nto remove iil the uranium trom it with ! ol ihe value from it and a rapid 
pregnant solution unt 1 it saturated. 3) with rinse elution with minimum chemical makeuy} and mini 
ti emove the pregnant olution 1) olume to be precipitated are all desirable 
: vuter flowin ipward (backwash) to remove re ests need to be made for each ore to determine the 
F and keep the resin bed open so that pre ire droy otimum economic conditions of operation Variou 
treatment remain moderate ») with a change leachin can be made if indt ited, and 
; pluton te er ve (elute) the adsorbed uraniun te each leach liquor tests on the effect of ton ex 
: mid 6) th ua nse to ret e the elutin olution chanve variable are needed, Howeve the general 
The column holdu thie ‘ n bed wrranved so trend of the etflect of the majo! iriable can be 
that these operation an be carried out 1ece ve outlined 
for cach cyele Effect of Column Sve: Resin ii i777! 
Just above the ‘ n bed and burried in the rave! the are eparation whether 
ale ad to evel bution of the aiat providin the flow 1 vell dist! 
feed solution ind even o that bed depth reat enough to avoid a 
cl mini ed there at from channel Plant with 7-ft imn 
the inifold near the top of the tank t ntroduce have been constructed cal ip of plant 
the pregnant solutior A screened outlet at the toy eolumn data obtained from 10, 6 and even 2-1n 
reer ‘ the backwasl olutiot The backwash liam column everal feet higt ind have had ace 
pund this baud te near! double t ettled juate performance Although the plant ‘ n bed 
ind tl Vhat require i 12-ft-tall tant diametet eat than ht, laboratory col 
for the 5-ft resin bed. Du the rest of the evyele ins need to be much tall elative to the small 
if ‘1 ck 1} ou } this the i nd channel 
ipper half of the tant nactive ter of llustrated the esults of experiment 
yee ive | thie Kept mn which the ime ime otf the eacn olu 
cot pore i i level blend tiot Wil pussed ove the ime volume oft esin in 
and in the other it is left full of water Both the columns of different diamete These are iven in 
pregnant and the elutin olution have a higher lable I 
vravity than The can enter the lo determine mer ce hape the author 
middle distributor ana flow iown tl ivh the bed ‘ 
vithout major mixin vith the wate n the uppe ivgest the relation ? K i where height and 
halt ith int a trie eluate liameter are in feet al ad kK it ul ) A minimum 
ac idle. The pregnant lution idded column diameter of 2 in. and height ol $ ft are 
7 hough it d wes the wate r the ce ible if results are to be scaled up to commer- 
to rinse volume required cial-size unit 
| 


Effect of Retentvo It has been found con 
enient t ise retention time to define rate 
Retention time comparable regardle of unit 
tem or columl! e and is easily calculated from 
oO ite and bed volume, assuming 40 pct voids in 
rhe ‘ i easol the volume ot each 
lution pe ven a i column or bed vol- 
ime l'ypical adsorption curves are given in Fig. 3 
or retention times of 5.8 and 8.7 min 
rhe initial effluent is practically barren and ura- 
1 en CO lete After 94 column vol 
inne th 8.7 min retention (broken line), the in 
intaneou ecovel of uranium has fallen to 98 
cl I} the breakthrough or cutoff! point A 
te | ‘ er | ma 
le ble I n effluent though it is 
fe ‘ Cutofl the au 
e243 f the feed « entration of 
t if tt flov topped tt t 
tu it ov pr 
the flow continue the uranium lo in the effluent 
increases until at 157 column volumes the resin 1 


adsorbed 
olid line), 


occul 


furthe uranium 1 


iit 


all saturated and no 


At the 
breakthrough 
aturation loading of any 


faster rate (5.7 retention, 
aturation 


particular resin 


occul ooner and 


later. The 
depends only on solution composition, and 1 inde 
pendent of flow rate. Therefore, for any rate, the 
area under the adsorption curve is the same for the 
ame olution, and 1 proportional to the saturation 
loading of the resin 

The resin beads have submuicroscopic pores 
vhich the anions adsorbed by the resin diffuse in 
and the exchanged anions diffuse out. This diffusion 
ite is controlled by the concentration gradient from 
bead surface to bead center and it require u finite 
time Therefore, at the faster flow rate the resin 
urface ets loaded with more uranium which ha 
had le time to diffuse into the resin and cutofl 
CCU! ooner. At the faster rate, saturation take 
more column volume (200 \ 157), but Ie total 
t e (2900 ¥ 415 min), due to the reate con 
centration gradient fron urface to center of each 
bead 

At cutoff. only the top part of the resin atu 

ited. Elution of the resin take the ime time 
volume otf olution, and quantity of chemical 


aturated or lightly loaded 


It economically desirable to elute saturated resin 
and to stop the olution flow at cutoff! With a single 
column. these objective are incompatible but if 
two columr are used in series the retention time 
can be chosen so that the first column which wa 
‘ usl partl loaded 1 nearly aturated when 
the second and fresh column reache cutoff. At 8.7 
min retention, the 94 column volumes to cutoll are 
more than the 63 column volume from cutoff to 
il il it on If t coll ! uu ead t if the 
cond ¢ mn ould not be at cutoff when the first 
‘ im! aturated Therefore, the de ed pet 
te ance could be obtained vith le resin and 
lowe etention time 
Table |. Effect of Column Shape 

2 

U,O., pH © iit t per 
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Table Il. Effect of Retention Time 


Column 
Volumes Min Kesin Load 


Retention 


solution Min te to Cute Gpit.o 
y* 100 7 
155 20 
2i4 
15 ia 
) 
14 95 
201 
v4 
1a i 
x 1 1” 19 
$4 29 ” 
oa 
O45 
y i S$ gpl Us, pH ition: 6.33 gpl Uso 10 
epl Fe pH 1.2. i 0.26 gpl UsO gpl Fe pH is 
I 
Table III. Effect of Diluting the Leach Liquor 
Gpitlo Gpl Resin 
Dilution 
of Leach Pet 
Liquor pu Hetore After Absorbed io he 
ow O58 ow 
47 ‘ 0000 65 247 
\djusted th 
te. Batch test O eI O mi per liter {f resin of 1.3 gpl UsO 
be t 2! 
Table 1V. Displacement of Ferre by Uranium 
Initial Solution Selution 
Gpl (ipl (spl Resin’ 
Fest Resin pu to be to he Fe 
0 092 
it i4 on 
it tte 
t Hatch test ‘ pe ‘ resin. Time 2 he 


Ketention 


Table V. Effect of Retention Time on Elution 


solution Used te Load Kesin 


(column (Column 
Total Min Volumest total Min 


time, Min Volumet 
‘ ‘ i “1 
i if j Uw 
Table Vi. Effect of Cation and Sulfate on Elution 
(ation Ni Na Me 
MSO 
) i ‘ 
‘ 
‘ fat pit 


JANUARY 1957, JOURNAL OF METALS—187 


ample 


( n was equilibrated with a uraniun olution 


md anothet! ar if Wa equilit rated with a h 


tronger ferric solution, washed, and then equi- 


ult are 


iplex is held le tightly than the 
Aes iranyl complex, and is displaced by it when opera- 
Af ! continued The presence ol ke doe how 
Zak ve ! iowiln aqown ab orption ol he ura- 
AAASL i complexes (see Fi 4). and slower flow rate 


have to be ised to pet the ame Capa ity (Table Il) 


Elution and Recovery—The urany! complexes can 


rie be adsorbed from solutions containing 0.9 to 6 


). Therefore, uranium 


eluted trom the resin t either chloride or nitrate 


olutions of about 1 mol concentration ac idified to pH 
ltod Phe choice dominantly economic Nitrate 
‘ used in South Africa where it is obtained locally 
I ( dation of ammonia, and where alt is im- 
ported It also used in RIP plants to avoid cor 


osion of the ec] baskets holding the resin 


Fig 2--Control panel for ton cachange units in uranium 
plant Courtesy A 6 Mindler, The Permutit Co kKisewhere, chioriae used because it is cheape! 


Retention time in elution longer than in adsorp 
1} 
‘ econd cu ‘ t the fasts rate the 64 ilt wit iriou etention time ure hown 
i j i ‘ cu “ie le the 146 n Table Increasin the retention time three fold 


ibout halve the volume equired, but little extra 
“Ve the column volun from cutofl to 55 pet olution Wu needed to the Y column despite it 
! titi 
fourtold reater loadin lution omething it 
I} opt i etention time ther betweon thes« 


joes not pay to rush. It takes time for the uranium 


The 
17: pr f t half of the eluate contains over 90 pet of the 


econd 


olution 


nukeup 


placed first 
The first two column volume can be eparated and 


the 


ferric 


it their correction 


it least ten time the uraniut ind a ron in the 
lonic Concentration—The data in bt 4 show the in 
i! ‘ i ‘ one tenth the iraniut pet of the 
nt ected by the resin while recoverin 


load 


deore 


13. Curve 3 has two points at pH 1 rhe higher ~~ a 

obtained when the pH raised wit Uraniun precipitated tron the eluate variou 

Cauca vhich precipitate ulfate ind the othe ainas Ammonia precipitation esult n the least 

when NH.OH was used and Mate remained con ntamination of the product Magne i, if suitabl 

tant Che decrease of loading on curve 4 with in ileined, adds little to the precipitate and ves a 

crease of He above 14 due to competition with precipitate wl ch is easier to thicken and filte The 
mit tute {te caleinu to remove wate 


her 
inve and 4 how again how retention time mol 


indirect: it affect 


pH constant decreases loadi ind dilution without eplaced, is ready to be reused. During elution while 


pH adjustment increase t Dilutior vith or witl chloride or nitrate 1 put on the re n, equivalent 
lfat 1 to th luate. The fate is allowed 
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; To demonstrate the effect of ferric iron, a | 
' 
librated with the uranium olution hes 
‘ 
iO 
Val at 
the sta 
+} i 
Dut the offen etent ‘ 
! rie ‘ te utofl 
hie i proce ! cutof? and on resin loadin half of the eluate for the first half of the next 
it cutoll are ven in Table Il 
elution which ive more concentrated 
With each olutiol nerenusil retention mereuse 
usin ' to be precipitated and save omewhat on (iii! 
With each olution houdin it cutotl of 
che cu 
pl (15 1b UO per cu tt resin) can be 
‘ ! The more neutral solution (Y re 
| returned to the leach to reuse over half 
‘ ml min retentior Vhile the more j a 
ol } | on left on the column with only a mall reeycle of 
olution por #7 min to obtain tl oudin 
4 i mcrease thi purl of the 
Longe and Olsen tute that retention time is not a! tions 
' ' , the eluate can be neutralized by CaCO, to pH 3.5 to 
| pe pres pitate all the ferric on and filter it out for 
obtained will tend to introduce fety factor 
recycle before the uraniut product Is preci} tated 
amt ole ‘ freny shorgator’ result wi 

pet thie iat i 1 nest pu on 
esin with a nthetic solution, that decrease tior f the 

pertain oni Oo inereau nit if reqectiion Ol i 
) ‘ ( 2 batel llibratio 
is pH decrease urve fou i equilibration Inst 1 pet of the iron to match the 99.9 pct plu 
tion. has a minimum grade of 75 pet U,O 
ul ilt are lecomposed in caicinin but 
ect of pH and/or sodium salts must be washed 
) ol iit 
ion concentration which in turn affect loadit out bel © 


recycled eluate to 0.5 to 1.5 mol and left on standby unt ‘ssh column is needed 
controtied by a bleed either in the un A typical complete cycle for any of a set of three 
om the columns 7 ft diam, 12 ft high, with 18 in. of gravel 

ed, or j and 5 ft of resin working on a 0.5 gpl U,O, solution 

ic ro at a South African leach plant is given in Table VII 


eluate does make a dif During each 15-hr period, the other columns are 
in elution. In solutions containing 1 mol SO each performing a different function 
nol Cl the quantity of acid needed to adjust When the cutoff point is reached in the column on 


va’ is the cation gives pH 1.1 when riod 1. flow ure witched and the next period 
mand pH 0.6 when Mg” is the cation ns for all column 


which will zr cle is nicely balanced. Elution retention 

concentration, Solution im F be varied from 32 to 48 min (10 to 15 

nd levels of sulfi builduy n al gpm) to get elution done in time 
ed to elute a resin column loaded in a stand 


After elution, 2 mol NH.NO, wa passed 
the column remove the Cl and SO, left 


Table Vil Typical Complete Cycle 


on the column at the end of elution. Data are piven 
in Table VI 
Elution with ! Olutions takes the least volume 


‘ 
and not Elution with Mg 
take the mo \ i " ipaired by ulfite Vol Impertal 
Veriod Lunction Time umes fia 


Total Flow 


buildup. Elution h N; i\ intermediate result 
The “ re for olution indicate 
that pi oin this elution to i 81.000 
major extent. Th eluting chemicals de 0 
pends on thei livered cost ; he plant and on the 


i 
comparati Value of elution time and precipitate ‘ 120 1,200 


Total Cycle 


In addition to ad orption and elution the eyele 


used include a rin ‘ each of thes« teps and a 
a backwash Table VIII Effect of Leaching Method 
The upflow ackKwash (to remove any turbidit 
filtered out on the 1, any precipitate formed, and . ’ 

kes of decre piti d resin) is done after ad rp Single Stage Countercurrent 

e the anion in loaded with uranium 

heavier than in the chloride form ; r elution 

Hence a higher backwash rate can be u without 
elutriati good resin out of the column 

The rinse after adsorption allows the pregnant 

olution in the column to be recovered for cle 

rather than be discarded with the backwash. The 

rinse after elution | needed to the chloride 

the column, so that the 

the turt solution Precip selation Vreeip 


(pl itate Pet (spl itate, Pet 


olution and 


comple 


Which has pi 


Table 1X. Summary of Plant Performance 


Verformance per Ca Ft 
Adsorption Kesin per Day 
solutior 
(olumn Ketention blution Tons 
[Oo per set Min tt System ir per C yele ib selation 
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to build uy 
SUullate 
Washed p 
precipitate 
LYpsum | 
rhe « 
ference 
and 1 1 
to } H 10 
NH is the cat 
Th he 
iffect 
vith d 
were u 
ard Wa 
throug) 
dewatering 
present to make a 0.5 mol or stronger si 
uo 026 74 o26 
prevent uranium adsorption Fe 13 
‘ in ow 
In the complete cycle the man tep throug) 19 917 192 
vVhich the resin can be divided into three 94 0 
lwo) i! i ‘ 
period rhe barren resin is used first fe hz CaO 07 76 Ot 156 
vious! one through another bed to aturate it 
secondl the resi turated by treati pregnant Uw 
olution. Third] the resin is taken off the main dat 
olution flow rinsed, backwashed, eluted, rinsed 
Plant 


*. 
o 


\ 


‘ 


Effect of Leaching Method 


As described in the 


included 


general paper, development 


both a in le ta t leach X and a 


countercurrent leach Y. A comparison of the ton 
exchange of these utior ven in Table VIII 
There difte I the q lant of n 
and chemicals required | the different solutior 

It is therefore not enough to determine the optimum 
conditions for ion exchange of a leach liquor. Opti 
mum plant design requires calculations based on the 


found de 


been 


Fig 3--Typical adsorption curves 
gpl Fe and pH 14 


Note 


ved 


lo depo 
by 
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which 1 


er t without destre the re 

! i terns ft ij t the balance ¢ thie 
| oni not onl ve | er capa 
thie row hi ‘ but « 
esinm ‘ elomental ilfur on 
elution time If there pormsonin 
extra capacit nstalled to minimize the 
f the pecial elution treatment As there 
irance that a new plant w | not make 
vill ome on i factor 

ised in plant ce ! The fact f 2 

conservative, car ifel be reduced to 4 
ting shows no 


026 gpl U.O., 3 


these condition 
Poisoning 

eunior vhict «held more tight! 
| thie we than the uranyl sulfate complexe and 
e not ret mal elution As the 
ij thie ‘ cupacit dy p and the 
‘ ten tye pe oned Periodically i il 
tie te estore thre re some ¢ 
thier problern mad olution ine i 

1) nadate (Vo) poisoning can be avoided b 

the leach liquor with tron to obtai 

) lolvbdate can be emoved with NaOH 


ulfur 
plu 


n. Poon 
cle 
that 
loyging of 
make the 


problem 
frequen 

is no a 

a solution 
hould be 
quite 
verhaps a 


potsoning 


higher loading and up to 67 pet of 
with pH liquors like X (see 
Table VII), but the compar! till valid The 
olution which is cheaper to produce take 


| to the 


idsorption even low 


on 
more acid 


more resin and makeup chemical recovel 


iranium and gives a le pure product 


Plant Data 


The plants for ion exchange recovery of uranium 
nelude 13 in South Africa now treating current 
residues from 22 mines and cyanide mills plus sev 
eral being built four in Canad built or bein 
built: two in Australia, with othe planned; one in 
the United States on solutions, plus four using RIP, 
built or being built, with others planned; and one 
n Belgian Congo on gravity plant tailing leach solu 
tion. The data in Table IX summarize the perform 


ance of ion exchange at various plant 


For the South African plant (A, B, and C) the 
etention time increased for the che olution but 
not proportionatels © that the quantity of uraniun 
ecovered per unit of resin 1 reater for the richer 
olution. The Congo solution (D) at pH 2.5 is cleanet 
vith le competition for the uranyl complex, so 
that nearly as much solution can be treated as at 
Rand Plant (A) with only one tenth the uranium 
concentration in the feed solution. Comparison with 
the Australian (EF) solution show that only a little 


! e facto and ze of plant llustration 
issume a plant producing | ton of U,O. per day with 
the median performance trom Table LX, namel 1.8 

day and 1.0 ton solution 


Fig. 4-—Eftect of 
pH Legend curve 

1, column to satura 

tion, | gpl U 0 50 

gpl MgSo curve 2 
batch test, 10 gpl , 
resin, initially 13 


gp! U.O. solution, 

curve 3, column to 
cutoff, 03 gp! UO 

8 min retention, and y 

curve 4, column to 

cutoff, 0.3 gp! UO f 

1.5 min retention 


TRANSACTIONS AIME 


; » whole proce 
\ Since these tests were run, it has 
win UR irable te, decre ‘ id rotior got a 
3 wan wr 
. If the time required for period 3% 1 reater than 
: or periods 1 and 2, a set of four columns is used a 
A 1? and two on elution Th 
‘ bier olutions load the column faster 
VI or Na are added to the eluate 
hteevelu the last half of the eluate easil 
mprovement is to Increase in uranium 
is eluted but ma hydrolyze to ade of the improve 
| 
cic acid in the resin pores, but this is also RESHMA BAN 
en with NaQOtl E 
conomics 
: 1) Cobalti-evanide (formed b evanidation of rhe cost of ion exchange for uranium recovery 
\! ean ore or to uraniul leaching) car olution compositiot local eco 
: be removed with NH.SCN or preferably with hot 
NaNO 
») ich a tetrathionate (also 
tried anidatior of ore vilficle ) 
enaet with nitrate elutin olution per cu ft in per day o1 O.9 gpl UO 
rm othe esin pore is remo 
Na 
ecord to date that each ton causing poison 
ton 


2000/1.8 or 1111 cu ay 

1200 cu ft. This: l two sets of three column 
7 ft diam by IL: igh with 200 cu ft of resin in 
ome plants now 
ar makeup. Although 
installed on the Rand 
i use. the poisoning proble m 

due to cyanidation prior to leaching, 

t complex yet found and initial batche 
had considerable abuse before effective 
found. Although up 


attainable, assume a 


val methods were 
Oo 20-year resi life may be 
ive-vear writeoff. At $45 per cu ft, 1200 cu ft 
Amortization in five years of 330 days per 
1.65¢ per Ib U,O 


$54,000 
yeal $33 pel day ¢ 
The equipment has an installed cost three to six 
time i t of the resin, depending on location 
and gl of automation. or $160,000 to $320,000 
Amortization at 10 pet per year for the higher figure 
$100 per day or 5¢ per Ib U,O 
This plant (or a bigger one) would need one man 
hift im the J with perhaps another on day 
to handle Elsewhere men 
be used with le pas Therefore, the daily 
{2 man-hr at $2 per hr plu 


$128 per 


product more 


t of labor about 
100 pet for supervision and ove rhead, o1 
fe per 
$40 per day or 2.0¢ pet Ib ULO 
Sib UO. per ft 
equivalent 


ib U.O.. and maintenance at 4 pet 


The median loading During 


the resin will adsorb up t 
0.0628 Ib equivalent per cu ft of nitrate 
This is 0.021 Ib equivalent 
lb HNO, or 0.75 Ib HCI pet 

nitrate 
es of eluate 


the precipitate uming losse 


of resin adsorption, the plant will 
(100 pet) or 1.15 tpd HCI] (100 


r Ib HNO, and 


<4 q 


fo.b. works | ank cal Assuming 


lant $92 


at the 4 
quantit ot 
0.63 tpd Mj or 0.53 tpd 
umin for } r $100 pet 
MgO gives $65 per day or 3.2 per Ib U,O 
$10 per 


pres pitatior toichiom 
needed. Th 
$120 per ton 
cellaneous chemicals needed 
0.5¢ per Ib U,O 


Table 
needed buckwa \ 
The I water 1! i is 66,000 gal 


11,000 Imperi 


pel r$7 i per Ib 


need about 


fo! ade Wa 


rodut 


rough chec} Mindlet and 


quote, fo! mn anion operation in 
capital co 200-cu ft colun 
talled, ine $210,000 and 


equly 


ocutior 
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FRACTION (1 COL EACH 


Elution of ferric iron and uranium 


Fig. 5 


leach solutions by ton 


percent of the 


uranium from it 
is only a few value of 
uranium in the product. The main cost is for obtain 
ing the leach solution 

when ion exchange wi first found 
leach 


precipitation vere 
ation with alkah 


anium olution alternative 


appli able 


method under ade 
velopment involved neutral 


and ulting 2 pet UO) precipitate 


elective precipitation. Estimated costs for the 
then vere 50¢ to $1 per Ib Uo Thu hon 

ts only one fourth to one half as much 
alternative precipitation methods and gives a 


purer product 


Future of lon Exchange in Extractive Hydrometallurgy 


For other elements perhaps cheaper resins can be 
obtained 
labor cost 


loading 


ed, and perhaps highes 
operation vill reduce init 


on and de orption rate nre being increased 


in vith fe ero link hiner 
have faster rate and may be advan 


aveous if the equipment is designed for operation 
with higher pressures. Increased production of resin 
cupital cost 

per Ib for the 
likely 


recovery 


and equipment will also lowe! 


Howevel 


t implest plants now do not appeat 


below 7 
larve 
especially where selectivity 1 required, A 
le expensive than pro 


xchanve to recovetl 


valuable than coppet! leach 
will not be economical. However, a 


from solution monerally 
ducing the 


metal le 


olution, use of ton ¢ 
from theu 


probabl 
ts are mainly dependent on the quantity ad orbed 
ion exchange to remove a small quantity of 


a troublesome impurity may be economical for a 


olution of any metal 
Economical application of ion exchange either for 
ecovery or purification is dependent on finding one 
more ion which electively 
ins or on developing new resin The 


hown that anion of 


adsorbed by 


rk on uranium has already 
molybdenum, and cobalt are selectively 
the strong base anion exchanger and othe 
ibilities for anions of 


inadium 
held by 
vork ha hown po 


and the precious metal 


zirconium 
with chelating o! 


tuntalum 


redox groups have 


A resin 


made also 
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4 
lf. » 
te 80 
® uJ 
> 
‘ a 
1 
} t 
o 
2 70 
5 be) 6 7? 10 
pel 
or chile 
This 1 oO} 
jul red bye 
puton U excl 
nvining and i) ast 
equal to 50 pet es 
need 2.0 tpd HiN 
fe per Il u 
the pe Lé 
For Adsorp! 
NH resu 
ton fo 
Form 
fol 
Fron 
column 
100 Ib 
pel day at 
UO 
The 50 
kw of power, largely for vacuum filtet 
ing the uranium precipitate. At le per kw-hr, cost 
ul 
These costs for the a imed plant | ing 1 tpd 
UO. are ummarized it Table xX 
neral 
n in | 
$1 u 
per operat cost r 22¢ per Ib a 
ming the tetravalent comy lex (4.5 Ib UO pel 
cu ft) or 34¢ pe lb with a loading of 3 Ib U,O, pe 
cu f 
Costs for smaller plants and for plants in remot — Pt 
Can be much higher,” but the cost of r bo) 


References 


Cost of lon Exchange Assumed Plant, | Tpd U.O 
Cents per Lb 


Table 


Dollars per Day 
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fracture after it had been deposited trom uch ele listed among trie 
ly te cite th copper the usual trowinnil plant 
mit procedure fw trie production of o-called remove iron trot 
fart heet The emf ttlerment did not oeccul In these case mo 
Vith elect made either b leachin the caleine vith hvdrou 
; vith water « | treati in acid leachate to remove leachin plant at 
on as hydrous ferric o T The electrolyte vhicl leachate reported to contain con 
tthe clap vere found to contain vould be reduced to a 
im coneentration of 25n per | tate removal of chlorine 
vhereas those 
tisttiel 
the composition 
mie 
biigthie concentrations of molybdenum (VI) wa vherea 
t Kil cont ried The t ttle deposit contained a fluidize®l 
ip to pet Me lhe umportance of oxidation state ny 720°C 
of the molyvbdenu vas demonstrated when the elec 
t cont nil t 4 ‘ culated continuously, 
This work } tion on the roast- 
throw 
ni ind ext ilficle ore 


Phase Diagram and Vapor Pressure in the Systems 


NaCl-ZrCl,, KCI-ZrCl,, 


and NaCI-KCI (1:1 molar )-ZrCl, 


Portions of the phase diagrams of the systems NaCl-ZrCl,, KCI-ZrCl,, and 


NaCI-KCI (1:1 molar)-ZrCl, have been determined. Particular attention was given 
to locating compositions which might be useful for electrodeposition of zirconium 
metal. The vapor pressure of ZrCl, in equilibrium with the condensed phases at 


various temperatures has been measured by a dew-point technique 


Several melt 


regions which show promise as potential electrolytes for deposition of zirconium are 


described. 


ultable for the 
metal In th 


chemical properties of electrolyt 
electrodeposition of pure zirconium 
paper the phase diagram, vapor pressure, and acti 
tie in the melt are considered. In a companion 
paper, the electrolytic conductivity of some of the 
melts is reported 

The melt 
KC] with ZrCl 
tudy because 1) if the electrolyte 
for industrial electrodeposition of zirconium, the 


tudied were mixtures of NaCl and/or 
Chloride melt Were 


chlorides will be preferred to the relative costl 
bromides and iodide 2) fluoride melts were bei 
tudied in another laboratory (Horizons Inc., Cleve 
land); and 3) melts containing oxygen, in at forn 
are unsuitable for preparation of pure zirconiu 
because of the great affinity of this metal for ox en 
Unlike electrodeposition from aqueous solution 


the fundamental behavior of fused-salt elec 
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by L. J. Howell, R. C. Sommer, and H. H. Kellogg 


—_— described herein was undertaken with 
the aim of determining some of the ph ial 


poorly understood, In most case uch basic eles« 
ochemical information as the phase diagram of the 
elt ter ictivities in the melt, conductivit the 
nature of the current-carrying ton the equilibrium 
electrode potential and the overvoltave behaviors 
f the electrode unknown to the researches 
vho id develop a me electrodeposition proce 
employit i fused salt his research project wa 
le ned to supply information about some of these 
busic pl ical-chemical properts oO that an intel 
ligent choice of electrolyte for electrodeposition 
eould be made 
Experimental 
Phe experimental difficulties encountered in thi 
iit tror the properts of zirconium metal 
ind i solid which sublimes at 344°C 
It ipidly hydrolyzed by moist air to HC], ZrOcl 
nd ZrO I isual precaution vere exercised in 
} ork to prevent hydre of ZrCl, and rigidly 
to exclude ox en, nitrogen, hydrogen, and carbon 
the elt inde tud These element are 
nown te eauct vith and contaminate zirconiun 
ela All melt ere studied in vacuum system 
‘ n the presence of ZrC), vapor on! Transfer of 
ZrCl, to or from the melts was accomplished entirely 
by vacuun iblimation. In this way, neither the 
elts 1 the uw edients thereof were permitted to 
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FORM HERE 
Fig. 1—Schematic diagram of 
apparatus for determination of 
phase diagram and vapor pres 
sure of melts 


MAGNETIC 
STIRRER 


Materials—1! 


Fiq 2 Schematic diagram of apparatus for introduction 


the aperime ntal system 


Fig. Phase dio Temperature Measurements 


gram of NaCl ZrCl 
system Heavy lines 
represent liquidus 
and solidus. Light 
lines are iobars 
showing the vapor 
pressure of ZrCl, in k ol 
equilibrum with the ad i 
melt Lines are 

dashed im those r 

gions where exper 

mental data ore 


lacking 


\pparatu 
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whe j 
‘ 
/ 
/ SAMPLE 
ECTION 
j TUBE 
4 
j 
i / 
w POINT 
fwre nT MiNUM 
PLE 
4 4 4 ¥ MELT 
CHAMBER 
we 
APSULE alkali chloride were reagent 
+ rade chemical The were used without furthe! 
> 
- nurification except for tre vacuun treatment at 
P 
4 described below The Nil entialls 
hatt ivy tree material obtained fron thie | > 
PYRE, @ 6 NNECTET 
AMPLE Bure of Mine Liban Oregon It wv purified 
ne ECTION freatment with hyvdrovel at 200 C to reduce 
on to the nvolatile fe oust ! followed by vat 
} tier nto Cul ile vhict vere 
ealed from the e and stored. Reference 
‘ complete detaits of the pu fication method 
pectro aphu na ! of the purified Z Cl, ind 
cated the f Wit mpuritie 0 ppm Al, 2 ppn 
Bi. 10 ppm Cu, 15 ppm Fe » ppm Mr > ppm P 
O ppm Pt ppm Sn, and l ppn 
4 
— Chrome! Liume!l 
inetior thie 
‘ 
- ‘ | ted at the freezing point I c, lead 
ermocouple emi Was ired with a 
/ ecoras ind checked against i type 
mete 
Pyrex by Melts—Most melt ere con 
| ct i No etcnil of the 
‘ | mand ifte melt exposure ol everal 
: rome tire Vil iil ‘ cluded In a 
| | tetchiu f the i near the i! 
; melt wv noticed Limited experience 
with Vyvcor ce indicated that th mate il is evel 
more re taunt to attack by these melt 
‘ ‘ 
Phe ipparatu ised for the deter 
minmmation of the pl e dia im and ipor pre ine 
chematicall in ] A Pyrex cell of 
ti ’ thre is at pomt during the 130 mil eapaecit n which the melt was formed and 
‘ ert eontained. communicated with dew -} nt bulb for 
\ int! ia ‘ thie ‘ ‘ irement f the vapo pre ire oft ZrCl ind a 
pe ine | ! f thy elt j te tud mple ce ect n tube for emovil portior of the 
‘ t? il thee ent ter fro thie ten The ent ul iratu Wa 
ae hiel inieate with the elt ist be heated by meat f Nichrome-wound Pyrex heatet 
‘ terpe ( iff ent The heate for the melt w lined with a in. Al 
‘ ‘ « le anf Pog an ty 1} th it on opposite le to pern it a 
‘ te thie il ‘ cle ew of the melt The melt temperature 
hi watu eve ethods ntrolled within *0.25°C by means of a Browr 
‘ 1 th tt ( cont le wtuated by a thermocs iple placed be 
heal ine f stop-cocks) were a ‘ ped twee the heate nd the melt chamber The melt 
sed wall be loseribed vu avitated by meal if it Alnico ba muacnet 
4 


Table |. Experimental Vapor Pressure Data for NoC!-ZrCl, System 


Vapor Pressure of Homogeneous Liquid 


Melt 
Melt Composition,* 
femperature Vapor Pressure Mol Pet 


neor (or 
Kun Ne Kalo iw ile leg Prom rected rected 


lemperature Compe 
sition 

fog Mel Pet 
Kale Pum 


Vapor Pressure 


tant temperatu 


} a 


Change of Melt Composition 


ey to eld a Ar 
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encapsuled in Pyrex, which was actuated by an ¢ 
The heater for the dew-point bulb wa ned wit 
iu in. Al sheath with slots to permit visual obs« ee 
ition of the bulb. The dew-point bulb wi /16u 
qian and Wa made with a ‘ thin wall t the : 
curved irface where the ervstals formed. The dew z 
Vas in contact with the thin wall of the bull ; 
Forming the Melt—A weighed amount ot! ka 
chloride was placed in the melt chambe nd the 624 622 
cham be ther eated mito the ter \ |’ ‘ + 
; | “2 
cat ile filled with purified ZrCl vol then ealed ‘ i14 62 4 
nto a iarpee The ‘ Va eaied il ; ‘ 722 ‘ ‘ a2 
one end to a acuum line and at the othe end t 624 62 
the top of tne ample-collection tube yA ov 4 62 59 
the arrangement of these part “24 62.49 
The ent ten ted b mechanica . = 
pump in series with a dry-ice trap and a McLeod 0 H.24 8.12 ; 
“uve Phe heate vere turned on and the ‘ i »H542 ‘24 417 
continued The tempe iture hie rie cl rrite D 4 4 4.25 
vas raised gradually ove period of two d ) 2 
LOO ¢ and held at this temperature overnight t 49 ” 
insure uximum il of adsorbed nm ine ) > 
educed to 0.2; the limit of the mechanical pumy 
‘ f +} treatment Vapor Pressure for Univariant Pqullibria 
‘i tri «al 
During the degassing of the alkal chloride, the 
emperature he Ar€Cl, Cupsutl mal iit Vapor 
it 125° C After the dega ! complete thie 
Cul Vi heated rapidl to thie Kun 
No system 
Cul lle a i re ilt of the thermal expa on of the 
ear 
ZrCl When the capsule had broken, the tempe 
ture was reduced to 180 C and evacuation continued 6% 7 2442 
for 2} ty remove the last trace of is y ; 2 
The temperature of the broKen Ca] ile is next i wi i 
if 1 tr t! ol | 
abou i ! rie el 4 piu ‘ 744 wean 
oon formed in the vacuun re it the G ‘ 77 ow 
inheated portior ind thi piu effect el eated ‘ 2 $32 i i 7.12 
the line nd permitted bulld up ol e to more i4 j 
that ] tn \ hot v4 i apo ‘ rt cle | thie ‘ft ‘ 
hot iKka chioriag a ol mea ( it ‘ i 2 
Wher of the kali chloride was converted 177 
to clea melt. the temperature of the cay ile i 
ba eid a sift ita ahd rit i 
iturated with ZrCl, at this pre ine Vite cor f 
tion of the turation, the tempe ture f the cay pew abted 
ile and melt were lowered to 300 C and the ter { ‘ { 
va ealed off at the end of the mople collect ore 
tube 
Cooling Curves—A cooling rate of 1) per min wa 
ised 10 adele cool cu ry tive ill The temperature if vhict just 
on OF tiie eV emained on the bulb wa 
( ‘ md a eod Vill trie pre thie con lead The CO. flo then increased a little to 
cu ecorded b thie specdoma it rrie eve at rite if per min the 
particul © COMpo ‘ ! vere ed to howl "The 
the K¢ Z7rCl tem. col ble f the temperature fo tal rowth and 
ener it ec fie euted il ‘ ‘ ) ‘ ‘ ‘ apo itior taken thy equi 
duratior tne mposit rye tre j lev two tempe ituure Wore 
eutectic COmpositlor with ] of each othe The ipor pre ire 
i | 
and heid ( : ! ‘ can ited from the data of Kuhn 
hi The dew-point ilb w adjusted 1 + to ¢ | t nd Palko 
ibove the pected dey if nt} ‘ 
‘ ‘ 
vas then cooled ra with treat / ‘ i 
the first crysta npeared. The rate of su ; 
CO was then reduced so to obt — ihe melt tempers 
t ' f th e of | atn 


ibe were then 


Table tl Thermodynamic Properties of the Melt in the idjusted so as to cool the end-most bulb. A dense 
NaCl ZrCl, System deposit of ZrCl Wa condensed in the cool bulb 
When the required amount of ZrCl, was condensed 
Meit Calculated the melt was cooled to reduce the pre ire to 300 
fompe fempera Vapor Partial Molal mem ‘ ind the ample t lb emoved fron the 
Mol Pet Kang of of of ter hy ealing at the next constriction The com- 
leg Ve log 
: asic 4 position of the melt was calculated from the we ight 
if alkali chloride and ZrCl, initially introduced, the 
24 2 ent 10 47 amount of ZrCl. removed in each ample bulb and 
‘ woo T. 909 woT 227 
66 to 664 150/17 62 f 1 4 7 447 final a correction for the content of ZrCl, in the 
as phase for each vapor pre ire of ZrCl 


t yuid Zrt t tat the ibtracted from the total weight of the cap ile, to 
Zrt be ed ield the weight of ZrCl, contained. 2) The content 
x prin 400/T + 9 of a capsule were analyzed for zirconium by stand- 
Fem Kl = id gravimetric procedure, and the weight of an 
eq lent amount of ZrCl, calculated from the zir- 
conium analvsis. Further details of the experimental 

Table Hl Experimental Vapor Pressure Data for KCI-ZrCl, System procedures will be found in ref. 2 


Vapor Pressure of Homogeneous Liquid 


Results and Discussion 


rhe melts obtained in all of the ystem tudied 
Melt : 
Melt Composition.* vere water clear and colort to pale traw-colored 
Temperature sure of Zrtt Mol Pet Zecl lhe viscosity of the melts did not appear to be much 
Kun log t neor (or different from that of wate! In all case the vapo! 
Neo ‘ i/ Kate rected rected 
in equilibrium with the melts was essentially pure 
ZrCl,. All samples of solid condensed from the vapor 
754 om contained negligible quantitie of alkali chloride 
In all of the tems there are compositions for 
70M vhich the apor pre ure at the liquidus exceed 
‘ ‘ ‘ “67 
i ‘ 66 90 atn These regions could not be afely studied in 
1 . poe the type of apparatus used. This was the case from 
i i ! ; ona “7 897 ibout 70 to 100 mol pet ZrCl, in each ystem, and 
i ‘ i ‘ 67 07 Na ie im the NaC] Zr | vstem for a region In 
: the range of 35 to 47 mol pet ZrCl It is quite po 
“7 f ibl ilso true im the ame composition range for 
‘ ii its ‘ 4 wr 65 ¢ the other two systen 
There was evidence that stable complex salt of 
‘ 659 the type (MC1),(ZrCl,) were precipitated from 
“” it many of the compo ition tudied. at temperature 
74 i ie below the liquidus. Owing to the difficulty in isolat- 
i sample of these precipitate for analy no 
+ ti i positive identification was po ible Only in the case 
i M4 ‘ 65.4 of the compound 2NaC1-ZrCl, was the information 
i ina ie ‘ 4.09 ithered conclusive as to the compo tion of the alt 
‘ ‘ 
vhict pre pitated The lack of information on the 
olid pec howeve! Wi not erious, nee the 
Vapor Pressure for nivariant Pquilibria orimar. iim of the tudyv was to obtain information 


n fused electrolyte propertt 


Vapor res 4 

Temperature cure of Bri Compe Na€l-ZrCl System Ihe phase diagram data for 

tun mol Pat tt ystem are iven in Two eutectle were 
Ne yates ‘ ioKxto Me found: one at 314°C and 62.4 mol pet ZrCl,, and the 


equilibrium 2NaCl-ZrCl,. The other solid is prob- 
of 


— a7 ibly NaCl, but th was not proved. The stabilit 
the compe ind 2NaC Z7rCl, was established from the 


i ‘ : ? 652 fact that from 34.5 to 47 mol pet ZrCl, and 465°C 
the ystem was compo ed of two phase (solid and 
reek, oo uid) and had a vapor pressure of about 3 atm 
' the Zrt When the composition was changed to 2 mol pet 
the « te thie tem was entirel olid and the Vapo! 
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; “x 
The heaters on the mple-collection 
The we f ere dete ed | wo 
methods which gave results in excellent agreement 
othe 
i \t 
i ‘ ‘ ‘ 70 02 
quid 
pre ire had talien to «+ mm ihis abrupt change in 
‘ ‘ t the properti evidence that the compound 2NaCl 
tained by « t ‘ Z7rCl, (33 mol pet ZrCl,) i table Further evi- 
, , D) to the lence pointing to the same conclusion was the fact 
that the composition 32.8 mol pet ZrCl, melted com- 


very narrow temperature range al 


a congruent 


pletely within a 
646 C, which behavior is 
melting compound 

At the 114: C eutectic both 


are evidentiv double alt The 


indicative of 


olids in equilibrium 


curves indi 


the euter 


coolin 


cate a peritecti reaction about 3 C above 


tic temperature, on the ZrCl-rich side of the eutec 
tic. The double salt which melts incongruently at 
this temperature is probably NaCl 2ZrCl, (66.7 mol 


pet ZrCl,) 


Further evidence that pure ZrCl, ( olid) is not in 
‘quilibrium at the eutectic upplied by the vapor 
pre ire data. The vapor pre ire at the eutectic 1 
227 mm Hg: the vapor pressure of pure ZrCl, (solid) 

364 mm Hg at the same temperature 


above the 317 C peritecti reac 


At temperature 
prob- 


tion, the solid in equilibrium with the melt | 
ably ZrCl, but the vapor pre ure data in the region 
are not complete enough to prove thi 
On the NaCl-rich side of the 314°C eutectic, there 
evidence for the existence of at least one and 


ibly three compounds between NaCl and ZrCl 


po 


Three arrests in the cooling curves, below the liqui 
dus but above the eutectic, were found (381 , 373 

and 362°C) for compositions in the region oo to 50 
mol pet ZrCl The evidence is inconclusive as to 
the meaning of these arrest Only one incongruent 
melting compound, Y (m-p-381°C) is tentatively 


postulated in the phase diagram Compound Y 1 


probably NaCl 


rhe isobars on Figs. 3, 4, and 5 were determined 
from the vapor pressure studies discussed below 
They are included in the phase diagrams to orient 
the reader to the relation between composition 
temperature ind vapor pre ure 

The phase diagram of the NaCl-ZrCl, system wa 
investivated by Belozerskii and Kucherenko,* and 
their results differ markedly from those of this in 
vestigation. They found three eutects at 10, 40 
and 62 mol pet ZrCl,, melting respectively at 390 
220 and 160°C. The fact that their melts were 
made in an atmosphere of chlorine, which may have 
an appreciable solubility in the melt, may xplain 


ram results be 


the reat difference in phase dia 
tween the present work and them 

Kroll. Carmody, and Schlechten’ have also report 
ed some phase diagram studies on the tem NaC] 
7rCl, in the range 9.7 to 50.1 mol pet ZrCl,. Only a 


possible 
ZrC by 


with the present 


failed to 


rtial correlation work |} 


prevent lo of 


‘ 
“ow 
we 
% 
Fig. 4—Phase diagram of KCI-ZrCl, system Heavy lines 


represent liquidus and solidus. Light lines are isobars show 


ing the vapor pressure of ZrCl, in equilibrium with the melt 
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Fig. 5—Phase dia 
gram of NaCl-KCI 
1.1 molar)-ZrCl, 
system. Heavy lines 
show the vapor pres 
sure of the liquidus 
and the temperature 
for final crystalliza 
tion. Light lines are 
isobars showing the 
vapor pressure of 
ZrCl, in equilibrium 
with the melt 
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he pha c 


diagram pre 
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sition ture 
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gram, Fig. 3) 
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determined by experiment 
D (381°C) is the highest 
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action, pl 
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yre Data tor NoC! KCI 


Mett 
Compe 
ition 
Mol bet 


KC1-Zr¢ 


liqul 

} eutectl 
liquid on the 
Th wa 
urement 
melt ut 

pure 

infor 
doubl 
ch side 
rom the 
t G) it 
cibility 


ZrCl. in the NaCl ZrCl, system 
of untvariant equilibria 
sf the melt at constant 
melt composi 


Fig. 6—Vapor pressure o 
Heavy lines represent vapor pressure 
Light lines represent vapor pressure 
it, ttl, and IV represent the 


composition 
328 and 27.5 mol pct ZrCl,, respectively 


tions 624, 581 
Lettered points refer to the phase diagram, see Fig 3 
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‘ ire it the melting point of pure NaCl 
uble V cia #00 C): and it must he below the vapor pre ir 
tre ne pe mental point (on line IV) for the 
; pressure of homogeneous liquid at 27.2 mol 
H) e CH, the extension of the CHDE lhqui- 
Melt A i vn to connect the Known pre ire ut 
Mott Vaper Pre <- The curvature of thi bin ‘ «pected 
femperature ure of ZrO) Mol Pet 
; +} comt tion of the ZrCl ch pha e, the 
‘ Kate rected rected chat iplaly alor liquidu 
DD and esenti the univariant 
hetween 2NaCl-ZrCl, and NaCl-ZrCl,(?) 
nd Nat ZrCi.(7) and NaCl-2ZrCl,, were drawn so 
‘2 be the ope equence of univariant line 
ilt « available for exact location of these line 
Lines I, HI, and she ome of the expe! 
4 rrieit it constant Composition 
i? mental pot mit caulk ilation ol the 
= ‘ ind partial molal properti of ZrCl, in the 
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cooling rates were rather high, 


vapor | that given for pure Zr 
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iture Supercooling 
3° C 


ed a tentative phast 
found the composition 
of the low melting eutectic to be 58 wt pct 22 


point of 215 C. Hor 


rigan has stated in a private communication that hi 


which might lead to 


ipercoolin It is believed that the diagram pre 
ented here is of greater accuracy 

The vapor pressure results for thi ystem are 
ven in Table HI and Fig. 7. In Fig. 7, the univar! 


liquid, ZrCl,(s), and 
‘L(s) by Kuhn, Ryon 


1-1 Molar)-ZrCl 
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he q 
J Z 
i Zr¢ 
I 
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The univariant equilibrium 


from the position of point B ar 


pre ire at the 


iquidu (405 
‘ive ome of the data for 


homopvencou mett at const 


activity and partial molal proj 


melts are given in Table IV 


tudied in the ternary system 


i 1:1 molar mixture of Naf 

The phi lin im data fo 
n | ». Final interpretatior 
cant t be made because o! t! 

‘ idied { 14 10 65.5 ) 
lowil conclu easol 
1) The minimum tempe it 
melt im the tem Wa bout 
tion 61.81 pet ZrCl, (pou 
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eutecthe was established from 


known double salt, N, and the 


invariant point B, the 


the measured eutes 
the fact that point bh 
line for ZrCl, (GG ) 


AB, between an un 


liquid is established 


id one measured vapo! 


‘). Lines I, II, and Il 


lat for the vapor pressure of 


ant compo ition The 


erties of ZrCl, in these 


NaCI-KCI-ZrCl, System—The only composition 


vial 


‘I1-KCI-ZrCl, were 


ary between ZrCl, and 
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of the pt ise a ill 
e limited compo tion 
et Zr ). but the fe 
it ell estat hed 
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¢ it the compe 
‘Bp. i point 
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Fig. 7—Vapor pressure of ZrCl, in the KCI ZrCl, system 
Heavy lines represent vapor pressure of univanant equilibria 
Light lines represent vapor pressure of the melt at constant 
composition. |, Il, and Hil represent the melt compositions 
700. 67.2. and 652 mol pet ZrCl,, respectively. Lettered 
points refer to the phase diagram, see Fig 4 


the vapor pressure of pure ZrCl, at the same tem 
perature It is concluded, therefore, that ZrCl, 1 
not the solid precipitating along liquidus BC Ket 
erence to the NaCl-ZrCl, and KC1-ZrCl, binary sy 

tem uggests that point B lies on the boundary 
curve emanating from the 314°C eutectic in the 
NaCl-ZrCl, system. If this! o, the solid precipitat 
ing along liquidus BC is NaCl-2ZrCl,, and along 
AB, compound Y (probably NaCl-ZrCl,) 


2) At 65.5 mol pet ZrCl and 279 C, the vapor 
pressure of the melt at the liquidu becomes equal 
to the vapor pressure of ZrCl, (point C). It is con 
cluded that point C lies on a ternary peritects line 
(between ZrCl. NaCl-2ZrClhL, and melt) which em 
anates from the binary peritectic (317°C) in the 

tem NaCl-ZrCl 


3) Final solidification of all melts richer in ZrCi, 
than 60 mol pet took place at 29 C. This is beheved 


to be a ternary eutectse 


4) Final solidification of all melts leaner in ZrCi, 
than 60 mol pet tool pl we ut 24% Thi prob 


ably a ternary peritectic 


)) The compositions of the ternary cutecti and 
peritectic are probably richer in KCI] than the 1:1 
molar NaClI-KCl] melts chosen for study 

All of the conclusions and suppositions have been 
tested for thermodynamic consistency, and were 
found to be in agreement with one reasonable model 


of the ternary tem. Further data would be nece 
ary to establish that this model and the supposition 
re the correct one This model is not presented 
here for the sake of brevit and because presentl 
available evidence is inconclusive 
The vapor pre ive data for the system NaCl-KC] 


(1:1 molar)-ZrCl, are given in Table V and Fig. & 
The univariant equilibrium AB, between solid Y 
liquid (1:1 molar NaCl-KC1), and gas, wa deter 
mined by extrapolation of the vapor pre ure result 
at constant composition to the experimentally deter 
mined liquidus temperature The univariant equi 
librium CD, between solid ZrCl,, liquid, and gas, } 
lentical to the vapor pressure of solid ZrCl, (GG ) 
determined by Kuhn, Ryon, and Palko” Lines I 
thine h IV show some data for the 
of homoveneou me jt at constant compo ition 
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66.2 mol pet ZrCl, for 
overnight at 252°C, but liquidus crystallization wa ° ee y 

delaved until 243 C when cooling curve were run 
Further evidence of supercooli for this composi ‘ ; 
tior as a Val ‘ ire measurement for a homo 7 
the vapor pressure of 
1 4 

¥ 

vapor pre ure at point con iderably lf than 


4 
4 
Fig pressure of ZrCl, in the KCI (11 
molar) ZrCl, system Heavy lines re present vapor pressure 
on the liquidus surface of the ternary system oat constant 
molar ratio of NaCI/KCI Light lines represent vapor pres 
sure of the melt at constant composition. 1, Ul, Ul, and IV 
represent the melt compositions 654, 634, 609, and 517 
mol pet ZrCi respectively Lettered pomts refer to the 
phase diagram, see Fig. 5 
Phe ty and partial molal properts f Art 
are enin Table VI 
Significance of Results 
lhe studies reported herein point to two types of 
! that are pron leotre for eles odepe 
tion of Dhese are n rh the cu 
of the ArCl.-rich cutectic (60 65 mol pet 
( ) 2) melt othe cinit of thre 
heutectic (251 mol pet ZArcCl,) The « dence 
esented on the former of these easonal com 
plete f the ter Nal ‘re K¢ ZrC | ind 
(1:1 molar)-Zre The latter type of 
melt has been uw tivated or f NaCl-ZrCl 
tem. but es] fit rrieit ‘ bably 
the Ke ind NaC l-Ké¢ ter 
7rCl-Rich Buteectic Melts The ch eutec 
tie melt ure characte dt thie ‘ est melitin 
rit thie ten tucdied Because the meltiu 
nts are low, the vapor pressures of these melt 
j Thue n ki } mad o how 
that the ter thie if 
) ( tem mett vill ip pre 
ine below 200 mm H In the latte ystem the 
mee of liquid compositions f melts of Ie thar 
pre ine li e enourh | ictical use 
i eloct te 
The ArCl-rich eutectic melt int il characte! 
ed | i high concentration of Zré (60 to 65 mol 
pet da high activity of (0.1 to 1.0 
ate eal t pure hid tandard state) Both of 
th properts hould be advantawe i n electro 
leposition The } h coneentration of ZrCl will 
to the cathode | ditlusior The } ! ict ty of 
( wil esult in reve ble decomposition poten 
tii vhich are or livht irger than the standard 
potential for the reaction ZrCl.(s)— Zr(s) Lig) 
rhe electrical conductivity of the ZrCl-rich eu 
tectic melt ey ted in another pape TI vorh 
hows that the condus t ectrolytic in nature 
ind that the pecific conduct n the ranges 
to 0.5) ohm en these mett I} conduct 
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NaCl 


vity is molten 
but 


al electrolys! 


NaCl-Rich Eutectic Melts—-These melts have con- 
melting than the ZrCl,-rich 
ic melts, but region vapor pressure 
the decreasing activity of ZrCl, coun- 
The 


ol 


about tenth that for pure 
till large enough to conduct a practi- 


one 


derably highet point 
of low 
t because 


the effect of the higher temperature 


erbalance 


obars of Fig. 3 show a melt region with a vapor 
pressure le than 200 mm near the eutectic B. The 
exact shape of the 200-mm isobar is not known from 
these studi but it seems likely, from the limited 
evidence available, that the region of lquid com- 
positions within the 200-mm isobar will be large 
nough to permit practical use as an electrolyte 
This may be especially true if studies of alkali- 
halide-rich melts were made in the system KCl- 
ZrCl, and the ternary NaCl-KC1-ZrCl, 


The concentration of ZrCl, in these melts (20 to 


26 mol pet ZrCl,) 1 till large enough to permit 
rapid diffusion of zirconium salts to an operating 
cathode. The activity of ZrCl, (referred to pure 
olid ZrCl, standard state) in these melts ts in the 


ange 10° to 10°. This will cause the reversible de- 
composition potential to be 0.1 to 0.2 volts larger 
than the tandard pote ntial 

rhe electrolytic conductivity of NaCl-rich melts 


analogy 


haus not been measured in this work but, by 

th other tems, it can be expected to be large 

perhaps | to 2 ohm’ em’ at 600°C. The higher 

nductivity of these melts is a distinct advantage 

er the ZrCl-rich melt 

Other factors than those discussed above must be 
considered before it can be concluded that either 
ZrCl.-rich or NaCl-rich melts will be successful 
clectrolytes for electrodeposition of zirconium. Some 
f these are stability and rate of formation of lowet 
valence states of zirconium when the melts are in 
contact with zirconium metal, behavior of impuri- 
ties, the nature of the electrode processes, and the 


} cal form of the cathode deposit. It can be con- 


luded, howeve that all-chloride melt systems offer 
ttractive po ibilitye for electrode position of pure 


rconium metal. 
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\ titut oad tor of Et MINING ENGINEERING, August 1955.) vas voted recently 


Recommendations Made 
By Steering Committee 


The National 
Committee offered 
ommendations which were approved 
at the Board of Directors Meeting in 


Membership Steer 
everal 


he incentive plans for 
) decided to 
ne five-year pre-payment of 
and payment 
recipients of the Membership 
i ye drawn by lot The 
n pel on who ha t 

entered 


wa 


our on 


fiv nember 
ontest 
ponsors of student chap 
ters are to be encouraged through a 
tudent chapter membership contest 
The faculty sponsor who wins will 
a choice of books handled by 
itute, up to a value of $50 
four runner-up sponso! will 
books worth $10. All books will 
ultably inscribed 
nbership Chairmen of the two 
inning the National Mem 
hip Contest will be awarded a 
rweight, consisting of an Insti 
Seal Medallion and inscribed 
Vember hip Achieve- 
mounted in a plasti 


tandi 


n (year) 


vas also decided to revise the 
Subsection by the 
would permit the 
National Member 
hip Committee to correspond with 
i Subsection directly, after mailing 
i copy to the section and 
horten the chain of communication 


ynition of 
titute Thi 


Secretar of the 


would 


Appointed for 1957 
The following were appointed to 
erve on the Membership Committee 
for 1957 
Cc E. Golson, chairman 
Johnson mining ha M 
Frank Perkins, petroleum 
id Swan, transfer E. H 
tudent relation F. J 
hoard of director W. J. Harri 
past chairman; H. A. White, delin 
T. D. Jone admissions; San 
ection relation C. DeWitt 
letter H. N Appleton 
Roy O’Brien and 


Hugo 
Squarcy 


metal 


quent 
Scovil 
Smith, new 
ecretary plu 


Don Willian 


New Section Approved 

| been estab 
Upper Missi 


and Stephenson 


ection ha 
called 


Sectior In 


included. Iowa will encon 
nity of Allamakes 
Dubuque and Jackson 
ties included in Wisconsin 

‘rawfore Grant LaFayvetts 
4, Richland, and Sauk 


co 


un 


Nominating Committee 
The all-AIME Nominating Com 
nittee ha been abolished In the 
ll have it 

ttee to narne 


Director 


To Speak at Metals Dinner 


Clayton Rand, Editor of The Dixie Guide, 
and owner of the Dixie Press in Gulfport, 
Miss., will address Metals Branch Dinner 
at the AIME Annual Meeting 


Argonne Offers Research 
Appointments in Science 


Temporary research and develop 


ment appointments have been of 
fered by the Argonne 
orator, Lemont, Il 


tudent vho are U » 


National Lab 
to teacher ind 
vraduats 
citizen The ‘ po 
following field biology 


medicin metallurgy and 


itions are in the 
electrical 


coramu and chemical 


mechanical, metallurgical, and nu 
clear engineering 

Argonne has an extensive program 
in both fundamental and applied re 
earch in many smentific fields con 
nected with nuclear energy. These 
appointment “ure available eact 
waden if per onnel MA he 


h to use the Laborator’ 


You! to 
unique 
research facilitte 

Faculty appointes vill spend full 
time in research or development and 
vill be paid mnmensurate with 
thei Two ti prt ot 
valilable 
nent for the mn or for a period 


ippointment employ 
of approx! 

Graduate 
ind ex 


pleted all cour mina 


tion ind wisl » ao earcen toward 
MLS. or Ph.D. degrees will be 
lo! ipproxinm atel one 
ipplie init vill be con 
idered on the 
their 
mploy 
tudent ipplications must be re 

ved not later than Jan. 15, 1957 


Further rm } and appli i 


pranted 


appointn 


‘ 
Suc 


nmendation of 
departme: For summer 


ment ilso pen to raduate 


Chemists and Metallurgists 
Convene in San Francisco 


Western chemists and metals met 

ithered at the Fairmont Hotel in 
San Francisco on November 9 to 
consider way to trengthen the 
bond which exist them 
The all-day conferences wa pon 
ored by the San Francisco Chamber 


between 


of Commerce to stimulate busine 
between the two tndustrie 
During the 
ticipant and 
ve their 
formal adadre ‘ which included 
The Chemical Requirement of the 
Western Mineral Proce ng Indu 
try by Raymond E. Byler; The Min 
rement of the Western 
Chemical Proce Industru by Fred 
Lohse Mineral Production thre 
Western States by Richard M. Stew 
ind Po le Future Develop 
n Western Mineral Produc 
by Phil R. Bradl Ji 
A luncheon meeting followed, fea 
peech on Neu Develop 


morning ‘ loon pal 
interested observer 


ittention to a or of 


eral Requ 


turing a 
ments in the Chemical Metallurgy of 
the Glamour Metal 
Peter Colefax president of American 
Potash & Chemical Corp, L. A. The 
afternoon vu fiven overt to an 


delivered by 


inter-industry panel discussion on 
ldea for Future Coops Be 
tween the Chemical and Mining In 
led by S. HL Williston 

The conference Nii arranged un 
der the joint chairmanship of Leland 
\ Doan and Jack 


dustru 


chairmen 


Second Reactive Metals 
Conference Scheduled 
For May in Los Angeles 


May 28 and 29 1954 have bear 
elected as the dates for the 
‘ Metal Conference to be 
Anvel under the pon 
of the outhern Cahfornia 
AIME. While 
et been announced 

both technical se 
plas will be held at 
idor Hotel, and that con 
meeting of the Metal and 
yranche will be held on the 

t da md joint ‘ jon om the 


Second 


Section of 1 complete 


econd Plan ) his conference on 


the production, propertic and use 
of the reacuy 


ide b 


beimg 


under 


New Eastern Advertising 
Manager for AIME 


The appointment of Thomas Orme 
i astern 


ucceed Warren 


Advertising Manayer te 
th vho resigned 
recently, was approved at the Exe 
itive ion of the Board of 


tor Meeting in Novernbet 
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: 
Res 
memt ¢ 
fue 
| 
vill the direction of B.S Mesick of 
pa Arthur Little Ine Anpele 
Cla 
low 
tion blanks may be Dtained fron 
Professional Personnel Office At 
ponne National Laborator’ PO 
Institute officers and Box 299, Lemont, III 


ANNUAL MEETING 


Metals Branch Technical Sessions 


Data complete as of Dec 15, 1956 


| MONDAY, FEBRUARY 25 


MONDAY, FEBRUARY 25 


The Status of Government-Supported Basic Symposium—Semiconductors-Reviews of 
Research Program in Metallurgy 


Recent Developments 
‘ : Jung Hotel Tulane Roon Mezz 
W. C. Hittings 


conductor 
National Bureau of Standard 
‘resentation of Research Paper 
Panel Discussion Programs of Specht Government Agen 165 
Office of Naval Research Program in Metallus Metals Branch Council Meeting 


O00 


in Jung Hotel Room 5, Second Floor 
A. W. Thornton, Chairman 
Journal of Metals Editorial Advisory 
Committee Meeting 
) pr Jur Hotel toom 4, Second Floor 
J.S. Smart, Jr., Chairman 
Research Papers on Semiconductors 


Jung Hotel Room 2. Second Floo! 
W.C. Wright, Chairmar 


researen paper 


emiconductor 


THURSDAY. FEBRUARY 28 | IMD Publications Committee Meeting 


{0 pn Jung Hotel Room 3, Second Flooi 
Symposium on Powder Metallurgy 
pre IMD Membership Committee Meeting 


Yisante t 130 pn Jur Hotel Rooms 7 and 8, Second Floor 


enall, Chairman 


Diamond Impregnated Drillin 
(; ‘ 
Strength Structural Parts by Powder Metallurgy 
er, Penn-T Cort TUESDAY, FEBRUARY 26 
¢ 


IMD Metal Physics Committee 
Powder Metallurgy General Luncheon Breakfast seated 


Roon econd Floor ‘ Jung Hotel Roon 


( ry W.G. Pfann, Che 


FRIDAY, MARCH 1 Diffusion and Transformations 
Field Trip 


W K 


Jung Hotel Room 1. Mezzanine 
ot, Jt and G. She 

Bu 
x ‘ oke 


Institute of Metals Division 


SUNDAY, FEBRUARY 24 


IMD Programs Committee Meeting 


Re Second Flo« 
} 
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. Ml leKenzie, N i) Research Advisory Interactions Among Defects in Semiconductor rd 
‘ Fred 
1} 
| Hesearch D on Provran n Metallurg 
tif | en } Linited trate 
( Metallu Charl t. A 
j Of entific Re 
: () « Research. United State 
let ting. Offices of Ord 
| foots \ 
\ | | 
iSk | let Llatkent Presentation of recent on subject of 
once relation 
Panel High ‘| 
id | } 
¥ beat 
nd Flee 
( 
tre {tr I | * 
Vucleation of Void n Metal Durin Diffusion and 
Creep R. Re ck and L. L. Seigl svivania Electri 
Diffusion in Gold and Gold-Silve H. W. Mead 
; Imperial Chemical Industrie Ltd Birmingha 
and CE. Birchenall. Princeton Universit 
— studies on Diffusion in Molten Metal Kichizo N a 
Japan 


1 400 ind 800°C 


Research Foundation 


IMD Executive Committee Luncheon 
Meetin 


te] Room 8, Second Floor 


All-Institute Technical Session 


Hotel Roosevelt International Roon 


Metals Branch Social Hour 
Jung Hote! Lounge, Mezzanine 


Metals Branch Annual Dinner 


Hotel Room 1, Mezz 
in, Metal Branch Council 


“anine 


Hunt Medal to Arthur’ 
Jr. Award to R ) 
old Medal to Paul Gordo 
Rand, Editor of The Dixie Guid 
Dixie Pre it Gulfport, M 
Next Million 


WEDNESDAY, FEBRUARY 27 


Physical Metallurgy of Iron and Steel 


! Jung Hotel Fulane Room, Mezzan 


Go 
Japar 


IMD Annual Business Meeting 
in Jung Hotel Tulane Room, Mezzar 
Barrett. Chair 


Annual Lecture, Institute of Metals 
Division 
Hotel Tu 


IMD Titanium Committee Luncheon 
Meeting 
Jung Hotel Room 3, Second Floor 


D. J McPhersor Chairma 


Recrystallization and Grain Growth 

Hotel Tulane Room, Mezzanine 

C.S. Smith and C raham, Jr. A 

Effect of Rolli Kinetics of Reery 
tallization d-Rolle J. T. Michalal 
Carnegic Institute of Technol dW. R. Hibbard 
Jr., General 


Cubic Texture 


pn Jung 


versits 

Cro Rolling ane n High-Purity 
Iron: Hsu lectric Corp 

Shear Along Aluminun By 
Crystal S.K i a Maddin, University of 
Penn yivania 

Sit tel hips for Secondut Reer 
tallization in neral Eleetrie Ce 
and P.K Steel Corp 

Structural Ch \ Strain-Induced 
Grait oundary Migration in $ K. T. Au 
unn, General Electru 

Grain Growth in Dilute Allo of Copper S. We g 
York University, and FE. S. Mael 
University 

Effect of Di 
nealed Pure Coppe 
General Electric Co 


Manufacture of Cold-Rolled Steel Sheets 


Joint Session with lron and Steel Division Arranged by 
ISD Mechanical Working Committee 
Hotel Ror 
H. B. Emerick and M. E. Nicholson weouite 
Fundamental Aspects of Cold Deforn ion and Aping 
of Low-Carbon Cold-Rolled Ste Sheet 
Roger General Electric Ce 
Functional Testing of Cold Reductio 
Griffin, United States Steel Corp 
joron Steel for Deep-Drawing: L. Ro Shoenbherge 
Jone and Laughlin Steel Corp 
Preparation and Property Preated 
Open Hearth Steel ) Morg Jones and Laugh 
Ford Motor Co 


t and 


Columbia 


Grain S of An 
ind Cu-Al Allo Wood 


ved Oxygen on the 


pu Jun Gand 10. Second Floor 


Chairmen 


orp and 


IMD Nuclear Metallurgy Committee 
2:00 pn Jung Hotel Room 5 


Benjamin Lustman, Char 


Floor 


THURSDAY, FEBRUARY 28 | 


Creep, Deformation, and Fracture 
Jung Hotel Tulane Room, Mezzanine 


( rence Zener and EF Mot ute Chairmer 


49 00 am 


Effect of on the eop of Cadmium Cr 
ity of Illinos 
cop Deforma 
I du Pont Co 
istitute of Tech 


Creep 
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Oxidation of Zirconium 
Gulbransen and K. |} indrew, Westinghouse Ele« 
tric Corp ‘if 
Strain-Induced Transformation in Beta Bra B 
Study of Possible Age-Hardening Titanium-Base Alloy : 
Systen J. J. Rausch and !} 1. Crossley, Armou 
12:15 pm Jung 
C. S. Barrett, Chairman 
2:00 pn 
6:00 pm 
(Cocktails Available) 
\. W. Thornton, Chairn 
Toastmaster 
Presentation of Award 
Robert W 
Mathe A 
Spe iker ana 
owner of Ipp! 
ibiect | 
J.B. Austin and R. F. Hehemann, Associate Chairmen 7 
Flaking of Hea Alloy Steel Section G. R. Garr and 
& Case Institute of Technole 
Habit Plane na 2.8 pet Cr, 1 pet C Steel: H. M 
Otte, Birmingham University, Birmingham, England 
Strength of Brazed Joint W.G. Moffatt and J. Wulff ; 
Massachusetts Institute of Technol ee 
Elevated Temperature Phase Relationships in the Cr 
Ni-Mn-N Systen E. J. Whittenberger, E. R. Rose 
ow, and D. J. Carney, United States Steel Corp 
Electron Probe Microanalyser and Its Application te - 
Ferrous Metallur R. Cast g, Universite de Tou 
louse, France, and J. Philibert nd CC. Crussard, lt 
titut de Recherche le la Siderurgi ot. Ger ult 
en-Lave. France 
An Electron Diffraction Study of Flake Graphite Ex 
tracted From Molten Pig Iror Kiel Niu and 
Za Shimaol Hokkaide Ur ersit ipporo 
Al-Cu Alloys Duri: Ave Hardenin 
10-45 rie Underwood, Battelle Mere il Institute 
Tensile Properties of Zone-Refined Iron in the Ter 
perature Range Fror yA! | K 1 42°K | Smith 
and J. Rutherford, Franklin Institute 
Effect of Temperature on the Flow Stre ind Strau 
Hardening Coefficient of Mapne i ingle Crystal : 
: Hans Conrad, Westinghouse Electric Corp., and W. D 
( E. Reistle, Jr. and barrett, Associute Charmer Deformation of Mavnesiu nele Cy ta! Nor 
Nucleatior ot SOLLG tate Trar format Morr Basa hip R. Reed H Coast Guard Acad 
Cohen, Massachusetts Institute of Technolog emy, and W. D. Robertson, Yale Universit 7 


Reactions in Liquid Iron and Steel 


Hreidt ] Hobetetter and W ( pr Jung Hotel Root 9 and 10, Second Floor 
Hel Pelephone | bus R chuhmann, J! ind J.C. Fultor wiate Chairmen 
() M ' ‘of Higt I perature Intercrystalline elf Diffusion of Iron in Molten Fe-C Allo L. Yang 
‘ } ( M. 17 and Gerhard De rqe Carnegie Institute 

Unive t of Technology 
cleat of Dislocation Loops by Crack n Crystal Activity Coefficient of Copper in Liquid Fe, Fe-C, Fe 
I J Gilman, General Electric ¢ ( i Allo it 1600°C: P. J. Koros and John Chip 

ma Massachusetts Institute of Technology 
General Metallurgy Approach to Equilibrium During the Oxygen Refining 
por Jur T ne Root of Fe-C All 4. Krivsky and D.C. Hilty, Elec 

(; M. Pou nad tin aM j Chairme Behavior of Chromium in Slag-Metal Systen tinder 
est tion of tl tery Reduciu Condition Cc. W McCoy, Electro Metal 
! Pechne lut Co.. and W. O. PI hrook, Carnegie Institute 


Technolo 


Kesearch Foundatior 

ent of Vanuadiur } C‘atalyti OO an Jung Hotel Charcoal Roon Lobby 
Decomposition of W With Manganese: B. W Gerhard Derge and F. W. Luerssen, Associate Chairmen 
Robert (; W ‘ nd P D. Zen i, General It proved Vacuum-Fusion Method for the Determina- 
I ( tion of Oxyger ind Nitrogen in Meta N. A 


lvania 
Determination of Alumi 
and F. R. Bryan 


Fleetric ¢ rhermodynamic Properties of Carbon Monosulfide and 
rred ‘ ection Metal er Solutions of Sulfur in Carbon-S iturated Liquid Iron 
West house EFleetrie Corp C J. B. Finchan National Research Corp., and 
ites of the Thermal Stability of Dispersior R. A. Bergman, Falconbridge Nickel Mines Ltd 


lardened Alle 1 W. Cochardt, Westinghouse ‘ 
Blectric Cos ISD Annual Business Meeting 


livh-Dampir Ferromarnetic Alle 1 W. Cochardt 10:45 Jung Hotel Charcoal Room, Lobby 
W nehouse Electric ¢ | John Chipman, Chairman 
Action of Vibration on Solidifyvis \luminur Alloy 
Bngland 11:00 a: Jung Hotel Charcoal Room, Lobby 


Grover J. Holt and John Chipman, Associate Chairmen 


Executive Council of Metallurgical Society Some Ob-ervations on Ferrite-Carbide Aggregates in 


Allo. Steel I S Dave port United State Steel 


pr Juar Hotel hoon 5 econd Floor 


rgical Society Nominatin, Luncheon Meeting, Physical Chemistry of 
Rooms 4 and 5 at 4:00 pn Steelmaking Committee 
12 » pr Jung Hotel Room 3, Second Floor 


B. R. Queneau, Chairman 


All-Institute Technical Session 


pr Hotel Roosevelt International Roorn 


Metals Branch Social Hour 
Jung Hotel Lounge, Mezzanine 
Available 


lron and Steel Division 


MONDAY, FEBRUARY 25 


Gases in Steel 6.00 pr 


(Cocktatl 
Metals Branch Annual Dinner 


the Solubility of Nutt en in Molten Stee] 7.00 pn Jung Hotel Room 1, Mezzanine 


A W. Thornton, Chairman, Metal Branch Council 


Cory Mathewson Gold Medal to Paul Gord 
fand. Editor of The Guide and 
Gulfport, Mississipp 


Sundqut 


Metals Branch Council Meeting 
10:00 an WEDNESDAY, FEBRUARY 27 
\ W. Thornton, Chairman 
Design of Pilot Plants 
Journal of Metals Editorial Advisory Joint Session with Extractive Metallurgy Division. Arranged by 1SD 
Cc it M ‘ Physical Chemistry of Steelmaking and EMD Physical Chemistry of 
ommi tee eeting Extractive Metallurgy Committees 
OO pe Jung Hotel Room 4, Second Floor 9:00 an Jung Hotel Rooms 9 and 10, Second Flo 


J.-S. Smart, J ma C. MeCabe and F. W. Boulger, A cute Chairmer 
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Constitution of Delta-Phase Alle of the systen 
U-Zr-Ti: H. A. Saller, F. A. Rough. A. A. Bauer. and ———“a 
pert fc iH Conductivity Copper Gokcen, University of Pe 
tituite num in Fe-Al Alloy E. F 
| 
( 
Kinnear, J 
a's forge follow 
and A. Gokeen, A cute Chairmer 
; ngenberg, Crucible Steel Co. of America —S—“C:isSCSCSCSC‘(‘C‘CSC(C‘'és 
: . | of Nitrogen in Liquid Iron and Iron All Toastmaster 
¢ Kasi j The Kashn Metal Mart rn il Presentation of Award 
: i Tricia dN. A. Parlee, Purdue University Robert W. Hunt Medal to Arthur Tia 
Hvdrogen in Steel J. Riel ix. United States Steel J. E. Johnson. Jr. A itoR s 1 
: 


Electric Fur- 

| Institute 
C. Buehl 

Rem-Cru Titaniu 

Application ol | Te tt Lx ign of 
‘ Steel Corp 
Union 

1 Co 


Manufacture of Cold-Rolled Steel Sheets 


Joint Session with Institute of Metals Division. Arranged by 
ISD Mechanical Working Committee 
Jung Hotel Rooms 9 and 10, Sec« 
Nicholson, Associate 
of Cold Deformation nd Aging 
old-Rolled Steel Sheet H hs 
of Cold Reduction Lubricant 
United State Steel Corp 
on Steel for Deep-Drawing: L. R. Shoenberger 
Steel Ce 
‘ soron-Treated Nonaging 
rgan, Jone ind Laugh 


Shum Ford Motor Co 


ISD Mechanical Working Committee 


4-00 pn Jung Hotel toom 8. Second loor 
Michael Tenenbaum, Chairman 


and Laughlin 


THURSDAY, FEBRUARY 28 


ISD Executive Committee Breakfast 
Meeting 


yussard’s Restaurant 


$19 Conti Street 


John ¢ ‘hipman Chairman 


iron and Steelmaking 
9 and 10, Second Floor 
ociate Chairmen 


can Iron and Steel Indu 
state Sureau of Mine 
for American Raw 


Hall and Michael 


on Rotating-Oxygen Converter 


stora Ke pparberg Corp., Domnar 


Continuous Castin 
Hotel Rooms 9 and 1 


iJ. H. Richard j 


ting f Steel t (ail Work I 


Anciens Etablissement 


ontinuou Ca 
Denain, Frances 
Cail, Denain, Fr 


land Steel Ce 


Executive Council of Metallurgical Society 


2:00 pm Jung Hotel Roor 4and 5, Second Floor 


it 4:00 pm) 


J. N. Anderson 


The Gaspe Copper Mine 


Extractive Metallurgy Division 


MONDAY, FEBRUARY 25 


Aluminum and Magnesium 
30 an Jung Hotel Room 1, Mezzanine 
A.S. Russell and J. C. Hick eral ‘hairmen 
Storage of Magnesium: . J. Casey, Dow 
General Service 


Outdoor 
Chemical Co and A. R 
Administration 

Mass Spectrometric Examination of Anode Gases Fron 
Aluminum Reduction Cell J. L. Henry and R. D 
Holliday, Kaiser Aluminum and Chemical Corp 

Formation of Cracks in Soederberg Electrodes for Alu 
minum Furnace Ove Sandberg, Leif Olsen, and 
Torgrim Eftestoel, Elektrokemisk A/S, Oslo, Norway 

Recent Developments in Refractories for Aluminum 
Reverberatory Furnace N. W. Roudabush, General 
Refractories Co 

Zircon Refractories for the Reverberatory Type Alu 
minum Furnace Everett Thoma (‘ha Taylor 
Sons Co 


Metals Branch Council Meeting 
10:00 am Jung Hotel Room 5, Second Floor 
A. W. Thornton, Chairman 


Journal of Metals Editorial Advisory 


Committee Meeting 
00 pm Jung Hotel Room 4, Second Floor 


J.-S. Smart, Jv., Chairman 


Zinc 
» 30 pm Jung Hotel 
R. Bainbridge and J. W. Hanley lssoctate Chairmen 
Electrolytic Recovery of Zine From Waste Material 
by Use of Amalgam Cell P.M. Sullivan and D. H 
Chamber United State Jureau of Mine 
Electrolytic Zine Plant at Corpus Christi: A. C. Jeph 
on and R. E. Allen, American Smelting and Refining 
Co 
An Induction Melting Furnace for Zine Cathodes and 
a Casting Machine for High-Purity Zine Slabs: J. H 
Nicholson, Consolidated Mining and Smelting Co. of 
Canada, Ltd 
Electro-Thermic Zine 
Jose ph La ad Co 


Room 1, Mezzanine 


Recovery R Bianeo, St 


TUESDAY, FEBRUARY 26 


EMD Executive Committee Breakfast 
Meeting 


40 an Jung Hotel Room 3 
Kinnear, . hairman 


Meeting of EMD Nomin: if ormmittee to follow in 


Room 3 at 9:00 am; / W. Schlechten, Chairman) 


Second Floor 


Copper Smelting 
an Jung Hotel Room 2, Second Floor 
ind E.. ldwell, Associate Chairmen 
The San Manuel £ Iter t Wilson, San Manuel 


Copper Corp 
Smelter (, MecekKerrou 
Gaspe Copper Mines Ltd 
Reclaiming, and KReverberatory Plants of the 
i Smelter: J. C. Holford Phelp Dodge Corp 
melting Works of American Smelting and 
J. Woodside and B.D. Robert 
id Refining Co 


All-Institute Technical Session 


100 pr Hotel Roosevelt International Roor 
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Fundamental Cor leration n the Desig f Seale 
Model Experiment W. O. Philbrook, Carnegie In 
titute f Tec} 
Afri ind L. V. Lee, E. L. Bateman Ltd., Johannes- ; 
burg, South Africa 
H. 
Fu 
I 
Fu 
G 
J 
Prey 
() 
lin Steel Cory 
C. R. Tayl 
Raw Materials for the Amer 
tr O. Herr Unite 
An Oxygen Steelmakir Pi 
Report from Sweden 
Representative of es 
vet. Sweden 
Gaseous Reduction of Magnetit L. E. Rautwla, J. A 
Van Westenburg, Michigan College of Mining, and ; 
_ 
2-00 pn Second Flow: 
R. D. Hindson 4) Chairime 
(ontinuou (Casting J. Savage Continuou (casting 
Co. Ltd., England 
( 
R. hievel,. _ 
rice 
Continuous Casting of Three Type f Low Carbor 
Steel: F. G. Jaicl L.. E. Kraay, and Michael Tenen 
B 
J.C. Kinnear, Jr., Pro President 
Committee to follow in Rooms 


Metals Branch Social Hour 


A! AK 


Metals Branch Annual Dinner 
fot M A Carbonyl P 


A ] 14 noh j I r Laterit 


R. V. Lundquist, United State Bureau of Mine 


Physical Chemistry of Extractive 
Metallurgy Committee 


Hotel Room 3, Second Floor 


| WEONESDAY, FEBRUARY 27 


EMD Committee Chairmen Breakfast p Juns 
Meeting M. E. Wadsworth, Chairman 


‘ nd k 


THURSDAY, FEBRUARY 28 


er, 


Hydrometallurgy Fused Salt Electrolysis 


Mi imine an Jur Hotel Room 1, Mezzanine 


} ¢ ‘ 0 


teduction of Titanium Chloride by Solutions of Alka 
P ! i Met in Their Fused Chloride R. S. Dean 
and F. X. McCawle » Devel 


Alloying 


and D. H 


Molten Pota 
and M 1. Bred g, Oak Ridge National Laborators 


Annual EMD Stag Luncheon and af 


Business Meeting alts; Electrorefining Studies: D. E. Couch, National 
Jung Hotel Charcoal Roe Lobt Bureau of Standard Se eroff, Na 
nd J. L. Wyatt, Horizons In 


| t New H Jew Responsibilitie Physical Chemistry of Extractive 


Session with tron and Steel Dwision Arranged by EMD 


Caerl ) cand ociate 
Physical Chemistry of Extractiwe Metallurgy and Physical \. Pa 
Phermodynamu of Ilmenite Chlorination W 


Chemistry of Steelmaking Committees 


Executive Council of Metallurgical Society 


00 pn Jung Hote! Rooms 4 and 5, Second Floor 


Hydrometallurgy J.C. Kinnear, Jrt, P nal Pre 
] te ot 


Rav Me Meetu f Meta cu 


ttee to follow Roo 4and 5 at 4.00 pn 


ik B. Mar te C) ‘ Co 
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ee rusion Applications of Titanium in Extractive Met 
RR. Lloyd, Titanium Metals Corp. of 

Arne 
Study of the Dissolution of UO, in Carbonate 
ind M. E. Wadsworth, Uni 
a ( for the Extraction of Nickel and 
FM. Stephe Ir. L. W. Coffe iJ.W 
Cookston, Battelle Mer Institut 

ese From Domestic Ore the A oniun 
Carbonate Proce J. Y. Welsh and D. W. Pete 

vi Ly n and Performance of Pre Type Cell for the 
fhe Dine Guide and Electrolysi f Sodiu sulfate for the Production of 
the D , Gulfport, M PI Solutions of Sulfuric Acid and Sodium Hydroxide 

t, Phe Next Million Year 

| 
5. Breitenstein and ME. Wadsworth, 

cute Cha crate Cl ree 

R Colorado Mls Equilibrius Betweer Titaniun Metal Titaniun Di 

chloride, and Titanium Trichloride in Molten Sodium 

t Extract rt — H. Cral Chioride-Strontium Chloride Melt S. Mellgren and 
j 
v 
tepl Ir., Battelle Memorial Institute 
; Electrorefining of Titanium From Common i 
Constituents: J. R. Nettle, T. E. Hill, Jr, 
wo "as Baker, Jr., United States Bureau of Mines. 
. Elect i) Conduet t of olution f Potassiun 
nal Lead Co 

, Jung Hotel — Rt yand 10, Second Floot Vapor Pressures and Equilibrium Studies of the Nak 
abe W. Bou \ te Cl tem: K. A. Sense and R. W. Stone, Battelle 
il t Lh ils Me orial Institute 

rit O. Pl Carnegie It t of Sihea in CaO-SiQ. Melt it Steelmaking 

| remperature Ling Yang, C. L. MeCabe d Robert 

f ( imption of Eleetric Fu Mille Carnegie Institute of Tec 

* . iH. Keyser, Batt M rial Institute Density and Molar Conductance of Molten Cu-Fe Sulfide 

) f | et Pilot P t R. ( Buel Matt Marcel Bourgon, Unive ty of Montreal, and 

I Cru Titaniu I Gerhard Derge 1G. M. Pou Carnegie Institute 

\pplicat | Model Technique to the Design of f Technok 
Riel ted Stat teel p Conductivit nd Sulfu \ctivit in Liquid Copper 
Uy is Roast L. The Sulfide Marcel Bourg University of Montreal 
‘I itl t Kata Jadot eB im Cor and Gerhard Derge, Carnegie Institute of Technology 
\! V. Lee, BE. lL. Bat Ltd Johanne 
j 
= 
1) 


Proposed Revision Of 


AIME Bylaws 


Following are the proposed new AIME Bylaws. These have been 


necessitated by the proposed new structure of the Institute which 


will « omprise Societies instead of the previous Bran hes. Final action 


on these Bylaws will be taken at the meeting of the Board of Dire« 
tors in New Orleans on Feb. 24, 1957 


Article | vith the approval of the Board of privilege and obligations as the 
Director of Director may from 


Organizations of the Institute Section 3. Counciie—There shall time to time establish 


The American Institute of Mining formed three Councils which shall Section 6. Reports of Organizations 
Metallurgical, and Petroleum Engi not be directly affiliated with any Fach Society. Council. D ion. Lo 
nec! Inec., hall be composed of of the Societe of AIME, these al Suet Ad ‘ tud te) hall 

a ection, Studer ap 
constituent parts as follow Councils to be known a brit t t} It i f t 
Section 1. Societies—-The Institute %®. Council of Economie uch reports as the Board of Dires 
hall be divide d into three or more Each of the above Councils a and tor may require from time to time 
Societies as follow b shall select a representative each Section 7. Affiliation or Merger with 

a. Metallurgical Society of AIME year from the Board of Directors to Institute of Organized Groups of En 

b. Society of Mining Engineer be known as its Contact Director gineers — ‘The Board of Director hall 

of AIME e«. Council of Section Delegate to determine the conditions of affihation 

a. Beciete of Patrelouns Basinam be represented on the Board of or merger with the Institute, or its So 

of AIME Directors by the Committee on crete Divisions, or Local Section 
Section Affair of any regularly organized group of 

Other Societi may be formed Other Council may be formed engineer or any enpvineering so 

within the framework of AIME or wit! the approval of the joard of ciety “association ol club v hose 
IME 

vranted member hip in A I E a Director ain constitution or bylaw or prac 

approved by the Board of Director tice ire in accord with the aims of 

Section 4. Local Sections the Institute 

Section 2. Divisions and Subdivi All I ers nd Sut 

a. 24 Ca SECTION iti 

sions—The several Societies of the tions in existence shall continu Section & Government Responsibil 

Inst he hall consist of Division until dissolved by the Board of ity of Organizations within AIME 

as follow ; Director Each Society, Council, Local Section 

a. Metallurgical Society of AIME b. Any ten members in good stand i Student Chapter shall be self 

1. Institute of Metals Division img residing within appropriate poverning Vithin the limitations of 

2. Iron and Steel Division distance of a central point, ma these Bylaws and shall be under the 

3. Extractive Metallurg) form a new Local Section or Sub control of the Board of Director 
D 1oOn ection of the Institute ubrect to Rach Div lor ind Subd on hall 

Any Division ol Subdivisior the approval of the Board of Di be elf-governing but shall be held 
vhich may be formed in the future rectors. Local Sections must be responsible to the Society of which 
wit? the approval ot the Board of nde ip ol “ mini inn oft 25 it } a“ part fi ny and all action 
Director mie bet ood tanding ich on 

. Society of Mining Engineer ¢, Societies may form their own Lo Rach Subsection or profe onal sult 
of AIME eal Sectior ibiect to the ap division of Local Section hall be 
1. Coal Divisior proval of the Institute Board of ell-governing but shall be held re 


Director 


Section 5. Student Chapters iwetions by ich ub 
Mining. Geology and a. Eexistir tudent Chapters will be ona ibd ion 
Division continued until dissolved by the Bylaw of all of the above or if) 


b. Ar oup of students at a degree law ind the Board of Directoy 
ipproved by the ntervene ! retior of Division 


‘ 
of AIME eolo ol other erence the Council. Societ Local See 


Ans Divisior ! ibdivisior ! be recognized ft the Board or student Chapter without proper 
vhich may be formed in the future of Director vith uch right action being taker 
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of 
ill 
Any Divisions or Subdivisions now : 
the future with the approval of the : 
; ider n one or ore branche olation of the Byla of AIMEI 


Section 


Article II 
Membership 


Eligibility, Resignation, Suspension, 
Expulsion 


1. Classification of Member 


ship 
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Section 3. ¢ 
Classification 


il 


Section 4. Ke 
and Expulsion 


noel! 


ude Any 
vho hall 
involving 
upon the 
Director 
ning thi 
haracter a 
thereupon 
hip in 


on Profe 


D 
Ar 


ite for 


t of 
aft 


of 

tor re 


ion oO 


Kpu 
in ART 


prant 
joard 
nom 

of the 
hould if 
ber 


Article Ill 


Finances 


Section 1. Admission 
Member and 

ber ane Junio 

the 1 f is transfer 

of Membership of Memb rw Associate 


rie on 


hange 
The 


Board of Dires 


tin and 


p immediately 
election 


ood 


change the cla on fe 


f Director 


ta 


al ‘ 
ember 


‘signation, Suspension Dues 


Section 2. 
Member 
that he has beer 
member of the Ameri 
of Minit 


troleun 


a. General 


ficatio 


hip 

ition 

filed 
The 


Inec! if 
promptly te 
annual due 
hip 

ol 
to 

Me 


Jur 


itior 


ol 


Member 
the p 
tirne 
lich 
al | 
Me 


Section 3 
Constituent Organizations 


ite Income 


Vriting 


ICLE I, 


Fees 


Member 
into the 


upon 


Metallurgical 


loyalty to 
iy membe! 
ispended 
ird of Di- 
miscon- 
of citizen 
disloyalty 
the United 
er charge 
conduct o1 
pre 
with 
the 
‘ it 


pecn 


and 
ba 

ispen 
finding 


Section 4 


Each 
Men 
at 
cla 
Member, 
notif 
transfer 
hed by 


ite 


bli 


Upon noti 


1 elected a 
n Institute 
and Pe 
h membet 
the Ser 

required 
tab 
Director 
ich he 
mber \ 


Mem 


or Asso 


ayment at 


the due 
he is en 
ife Mem 


n ber 


Financial Responsibility of 


AIME 


the of Junior Member c. Expulsi Moral 
: ist be qualified through educa member of the Institut 
‘ tier nad experience to hold be cor ected ot a crin 
ity nate posit a field of ! il turpitude na 
‘ ¢ ey reer represent pa ave t the Board 
1} ne of the thre et tituent of a resolution pro 
etic member to be of such 
hte not } ‘ pa ed hy to varrant expul on 
10th birt the be expelled from met 
a. Me D in the institute shal hall not remain a Junior d. Suspension or Expuls\//i/i s- 
ne a etie Mi nal rthda il Misconduct 
to the ¢ of ndividual ‘ i except that the Board S Govwe ment 
Mi ‘ } il ‘ thie po vel of the Ir titute may } 
one et but iy receive the e] tation in the or expelled | the B 
j of othe ‘ ase eteral tlitas recto! for profe 
1) | el ct it mai i 
‘ enue fron f. Ree Mi tain Member Rock of the United 
et Mount Member ire i closed to the Governmet 
b pin Institute sha pet cla of life member plate of Ameri 
‘ ‘ t} it nnual due such men etting rt ict 
M request rece me loyalty hall ha 
res na f j 
bie mont ou il of then pat l a 
Mernibe ind ef the other privileges of the Bo 
te Board « 
Memb Institute membership. This priv 
Mi bus P 4 all me ber of re olut 
M Me the R Mountain ¢ il t the on 
ju entitled to pr itlepe of od o deere 
‘ bee ‘ epti tno met choo] ppl ved } 
; hose residence f Director ho has be 
itside of the United State nated | thre« tructe 
bv entitied to ole po ar In 
with 
Section Eligibility for Membership 
a 
aA pe m bole 
‘ fer into the cla 
‘ ol ind must have had 
if ‘ ! en of empl ent = 
ull ent reasor 
fieutior f an 
repre. teat me ol thre 
i hela po tier of re 
pun a. Resignation. All resign 
miemit rst ) 
b. fi j ‘ Rach cand hall b 
date loner Membership rie ecretary ritin 
must be rec ended the ignation of Mer ber, Associate — 
flee on tLlonorar Mi bey ber, Junior Member, or Stu hall remit 
ist be elected 1} ecret lent Member hall be accepted retal the 
j of the Board ibject to the ent of all out for uch 
of Direct pre ded there be no tut ma opi ition lished | 
more t one dissentin te of of the re ning member. A men for the cla 
: thy Direct present provided be Vho hall } ‘ ‘ ned i entitled 
the number of ood standing hall be obligated ociate Member, @ 
i Mi hall at ome for no further due ber 
ed 20 ich) eleetion b. Suspe I re to Pay Due Life Member or Life Associate 
hia it wt oo i An Member \ ile Member vr Any 
ny other class of me! Junior Member, or Student Men 
pt rh belor one ho Ta to pa aue ! one time of twe 
ebteadne thin three of the rac 
‘ ‘ ‘ Phe Board of the prade 
1) it’ the pe il re lled may 
eo ble hall not receive the pul cordit in tatu at the time 
an ¥ licatior of the Institute until hi the app made He hall 
ccount puld mad f il In not be liable thereafter to pay 
th Mert ind H and Ser Member 
pended, and his name dropped Dues not be required of 
nt is thie the re time of pay either Hon il or Senior Men 
ritarnil f ‘ ! clue be 
ent hea by extended by the 
ee es Board of Directors. The Board of 
‘ { eloct ! ol tra fer whe } re ned or beer ol 
‘ f Associate Me pended under ti ection under a. Instit ind Expense 
held of sciences student Mer ifter havin hall be accounted for annually) 
! esent one of notihned itor iti ele ( i Societ Diu Each Socrets 
tituent Soecretie tion mie bership in the Insti hall be credited with income pro 
ent thea puire tote ind Jur r Membet iftes luced ource in 
‘ anf thy hea heer tified of iutomati ludi ety publication meet 
Mi ‘ te Me by hip, wt fail to t fer Society dus et 
pe pat cue thin thre« Each Societ na prepare an ar 
ont ill be suspended nual Income and Expense budget 


for approval by the Board of Dire« 
and nall Nave iuthority to 

ts funds only 

budget 


ary 


disburse 
to it approved 


employ the 


according 


ecure thie nece ary 
on it operation 
hall exert its be 
elf-supportin 
urplus fund 
iy yea! hall be 
urplus fund of 
Institute may 
i istance to So 


cretion 


titute The 
finan al 


at it al 


Council Divi ion 
ections, and Student 
Chapte are expected to be elf 
ipporting, but may be provided 

istance by the Insti 

remission of 
annual dues or other 
Board of Director 

provided, however 


b. Constituent 
Sections, Sul 


form of 


difference 

voluntary 

local due 

titute wi not be re pon 
for the debts of any organi 
mn contained within its frame 


Section 4. Disbursement of Institute 

Funds Disbursement of Institute 

fund hall be made by the Treasurer 

rs iA tant Treasurer on check 
ned b hit and countersigned by 

he Secretary o1 uch other person 
the Board of Directors may, fron 
ne to time, designate 


Section 5. Expenses Allowed to 
Officers The President, Vice-Presi 
dent and Director hall upon re 

Joard of Director 

ipproval travel allowance to 
attend meetings of the Board of Di 
rectors or for busine of the In 
titute 


quest and after 


Article IV 
Officers and Directors 


Officers 
dent, one Pre 
ident 1x 
Dire cto! 


Section 1. 
hall be one 
t one 
dent 

other 

ry hal be 
Director 

provided 

B 


ill be ucceeded 


Section 2. Election of Officers 


Elect every 
electior rhe 
dent-Elect 

thereatte! 
President 

econd vei 

for the thi 

Each Society 
ict year two of 
titute Director to 
e-President of the 


one ycal 


each Societ hall elect 
vo Director both of 
three year 
titute 


erve for 


of the Ir 


Article V 
Committees 


Executive Committee 
nmittee and Du 
meeting of the 
after the an 


Section 1. 


the first 


Board of Director 


nual meeting of the Institute, the 
Director hall appoint 
lation of the Presi 
Committee of 


Board of 
on recommet 
dent 
five it member three Oo 
vhom i constitute a quorum 
Executive Commuttes hall 

all of the power of the 

of Director ubject to 

ich limitations a the joard of 
Director mia order, when the 
Board of Directors ts not in session 
b. Presiding Office all meeting 
of the Executiy ommittee, the 
Presiden i Institute hall 
presi ence the ordet 
hall be 


ecutive 


xecutive 


chau 
the Ex 


of succes 


ittee de 
an pro tem 
nimittee men 


Institute 
meetings of 
ommittes 


of 


buted to 
Di 


Finance Committee 
‘ and Du 
hall 
low 
In 


rittes con 


Section 2. 


membel 
hall re 
each regu 
Board ot Di 
tirne vhen 
be directed 
irer shall 
ucn 

lon a it 


in of 
f Direc 


requs ted 


reference when 
Section 3. Investment Committee 
a. Format of Committee and Du 


rriittes 


b. 


Section 4, 


Section 5. 
Rach Societ 


iblication Committes to handle 


i 


Section 6. 


iirman of the Finance Com- 
nittee ex officio with full vot 
powel 


member hall hold office 
terms of three years, one to 
appointed each year by the 
joard of Director on nomina 
ion of the President of the In 
titute at the first ( lon af 
thre tjoard of Director follow 
ing the annual busine mieet 
ing of the Institute Only 
Member and Associate Met 
ber hall be eligible for ap 
pointment on this Commiuttes 


The Committe hall 
power to take all nece ary ac 
tion and execute all nece ivy 
document in connection with 
managing, and di 
its investment The 
hall, from time to 
ignate hall have 
document 


have 


receiving 
posing of 
Committe 
time, ce 
authority to execute 
and represent the Institute at 
mecoting or other 


who 


corporate 

wise 
Vanagement Phe Chairman of 
thi Committe hall be elected 
mnually by the member of the 
Committe The hall 
keep minute of it 


Committe 
meeting 


Admissions Committee 


Formation of Committees and Du 
tue Bach Society hall form it 
Admission Committe to 
qualitic itions of appli 
iring to enter the Insti 
hall also 
reinstate 
statu ol 


own 
review the 
cunt de 
tute The Committees 
pa on applieation for 
ment and change of 
member hip 
Applications for membership in 
the Institute shall be referred to 
the Admissions Committee of the 
appropriate Society and after ap 
proval by ich Commiuttes hall 
be forwarded to the Secretar of 
the Institute for final approval by 
the Board of Director 
Presiding Officer Bach Adi 
ion Committes hall elect 
formulate 
ubject to the I 
Board of Director 


own 
own rule 
andl the 
Institute 


Minute of 
meeting lon Com 
nittes be filed with the 
of the Institute and be 
iVailable to the Board of Director 


ite of ig 


Publications Committees 
hall ippoint its ow! 


itters pertaining to publication 


Section Affairs Committee 
Formation 


mittes 


onimittes ‘The 
Section Affair 
all i three Director 
ypointed b w Board of Dires 
j on mendation of the 
President one each of the 


Presid 


hai consi 
ty recon 


from 


ig Officer Th 
elect i! presiding 


of Meeting Minute 
of the Section Af 
hall filed 
and 
“ member of the 
ard of Director 


itute Secretar 
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b. 
Institute f 
Direct | 
ciet eacn year 
vhon ha 
if the oy expense of any of a. Format 
these t exceed the tte 
imo : 
} il | 
cor 
The ; 
ible 
work 
Viee Chairman « 
Commiuttes 
2. Member of the Ce 
ignated a Chau 
vote of the Cor 
Del yresent 
c. The ecretary 
hall be present 
the Executive ( b 
d. Minute of Meeting Minute 
the meeting ol thie Executive 
ill member f the Boar 
recto! 
a. Format 
fie TI 
ippoint 
the 
titute, a Finance ¢ 
by the President-Elect. In case of ting of three of 
the death of the President, the Phe Finance Com ee 
Board of Directors shall designate port ts action OO) rrr 
i Vice-President who shall 1 lar meeting of the 7 
coed te the office of Pre ident for recte il d it othe : 
the balance of the une xpired tern ever it nati ae ‘ : 
to d ‘ ind the a 
b. The President shall be ineligible thy 
‘ \t the first ecti of the Board ma de ’ 
of Directors after the annual bus- 
eoti of the Institute the b Minute Meeting The 
ommitt li 4 
Board shall elect a Trea re who — ! 
! i thereupon become i 
erve f ome ear. The Secretary hall 
offices 
ll be present at ill meetin ot! : 
the Board of Director c. M 
tis Phe Inve it 
Cee) hall be a standing committee to 
1. President-Elect, President, Past consist of five members as follow wit 
Pre ent. Each Societ n rota 1. oe irer of the Institute ex be + 
tior hall elect the President off with full voting powell Bo 


Section 7 


Library Committee 


Section AIL Institute 
( ommittee 
pI 


Membe 


Committees 


Section 


| 


Article VI 
Institute Publications 


Section Publications 


| ‘ 


Section @. Publications to be Received 


by Membership 


Sales 


Section Publications 


1) 


Section 4 


Publications— Ownership 
ant te ‘ thre 
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1. President-Elect 
2. A Director de 
lent pro ten 


Directors pre 


Presi- 
of the 


pnated a 
the vote 


ent 


Section 8 Attendance at Meetings of 
Board of Directors--The President 
of So Chairm Divisions 

ils of the 
thereof 
Institute 
meeting 
without 
partici 
recelve 


lr 
Article VII ex idents of the 
i! d to all open 
rd of Director 
They may 
nail 
f the meet 


Meetings 


Section 1. 


Annual Business Meeting ‘ of tl inut Oo 
of the Institute ‘Th nnual ' 


Director 


Inst! 
oft the 


ier men I of the 
ittend open! ectin 
Dire thout the 


tor A 


Article VIII 


Amendments to Bylaws 


Method of Amendment or 
Board of Directors 
ot Director hall } 
amend, and 
vote of 
ent at any 
Joard at 
provided, 


Section 2. Special Business Meetings Section 1. 
Repeal by 
of the Institute pe The Board 
he | ite the powel 
peal 

majority 


ave 
re- 
a 


to 

By 
Director 
of 

iorun pre 
that at least thirds of 
Board of Direc- 

ich mak 
and pro 

intention 

the By 
part hall 

Piven i meeting of the 

Section 4. Voting at Business Meeting mara Director or Executive 
busine of the j t two month pre 

of uch amend- 

mailed to all 
Board of Director 

before the meeting 

ted on and shall 

one tissue of 
youl 


int 
a 
pre 
the 

ent 


ting 


ia 

‘ 
two 


Section 3. Business Meeting Quorum 
t eot of 


thie 


Me 


j 
ana/ot 


rit 


been 


Regular Meeting of Board 


tir 


Section 5 
of Directors Lore 
i «yf 


ot 
montnly 


Section 2. Persons Eligible to Propose 
Amendment or Repeal A: Mer 
or A te Mer 


il 


Meetings 
pecial 


Section 6. Special of the 
Board of Directors cot 


Directors Meet 


Section 7. Board ot 

ing Querum t th il 

| | t | ‘ qu : tion 
not 


d 


to 


roposal 


‘ thhe f publica 
acd ation Committee and une | 
| (‘or To ( f the Institute or 
‘ vi 
‘ ‘ ‘ the B of th 
te erir | Ir 
j ‘ of the Commit 
; epre entative 
Iristitute the Lal ry Board 
iided | the Kyla 
tie pproved 
‘ , ipprog tion h Direct elected in the pre All ot | 
fof Director foverbe tuke office tute a 
bye old t the pru office Hoard of right 
bb. / ‘ jt) the 1 this | the (‘it of New to ote 
‘ 1} ‘ ‘ itive this j lu in in ket 
i i 
| n of the ‘ 
‘ i of D 
ftitute Libras Committe ‘ 
al on ¢ he it ite and reports ol 
‘ al coml hall be presented 
ial i i 
thy Me by hy 
‘ f thy hip co 
Cou Local mation 
tudent pte Cor 
thee be hia suitor tical 
f the All-Institute 
J ber p Ce tte 
Other 
afl Lhirector have 
‘ to apy rt mad indicate 
af mid discha ‘ ie} 
‘ iy be il 
‘ fuct of at 
t to tl oval of the Board 
Director 
of ict others 
i perl ome be 
tio olthe hall cor t « mediate tte the ar ial busine 
ot ourt | j lt titiite if place ' ‘ iy) 
j 7 propose vriting to the Board of 
! bite ‘ ere the el i hele 
Directo! that uch proposal l 
received at least 60 da before a 
ilar meeting of the Board of Di 
! ‘ stattye ‘ 
rector mmendment iddition 
; 
j itl ope il of inv portion of these By 
t the request of the provided such amendment, ad 
hie be entit it ‘ the i of 
I ' these Bylaw has been endorsed by 
it least Membe1 r Associate 
edt ‘ | e, | ties ed to the ‘ Mermbe n od standing. The pro 
| ‘ it posal hall be brought before the 
i ‘ t te Board of Directors at its next meet 
nel ored } one 
= re- 
nd Ae ru i ju the aot ponsored, } hall be returnell 
i i i ‘ eat the ' ‘ 
‘ t } by e final 
It ill be the dut of the 
‘ ‘ i i 
st 
\ printed in the next icceeding issue 
t of the | i Gi el If a qu i f the I tis pre of the Societ ourna ind to pro 
| Sieve +} | ‘ the prope tie fol iv te of 
pert j nt thi hall thy P bye hij it «the next busi 
| ptt © pr i published else re eeting of the Institute 


ORDER THE FOLLOWING BOOKS 
THROUGH AIME—Address Irene K 
Sharp, Book Department. Ten pct 
discount given whenever possible 


The British Non-Ferrous Metals Di 
rectory, © Pre Ltd., 317 pp 
$4.30 1956 hird edition of 
producers and 

to two 

a classifi 

detail of 


luded 


Chromium, Vo! 2. Metallurgy of 

Chromium and Its Alloys, ed. by 

M J Tdy Re hold Publ ng 
0 $11.00, 1956.—This 
two-volume tud 

nium and chromiun 

expert It cov 

re electrowin 
allurgical use 

n refractori (A 

Vol. I appeared in Jout 


or METAI December 1956.) 


Applied Metallurgy for Engineers, 
by M.S. Burton, McGraw-Hill Bool 
‘o. Ine., 3! 7.50, 1956.—Intend 
text atten pt 

ical princi 

work 

and 

tudy 


from 


Elements of X-Ray Diffraction, b 
B. D. Cullit {ddison-We ey Pub 
pp., $10.00, 1956 
intended 

ents the theor 


the exper 


Engineering Inspection, Measure 
ment and Testing, | 
Colebou 


photograpt 
op 


actice 


rat tion f tt 
| Metallurgist : 
Met 


Sodium, its Manufacture, Properties, 
and Uses, by M. Sitti 
Publishing Corp 29 
1956.—This monograph di 


more nportant aspect 


Technology and Engineering, 
re in Nuclear Energy Seri 4 

I, ed. | R. Hurst, and S. M« 
Lain, McGraw-H Book Co. Inc., 408 
pp., $12.00, 195¢ his 
tion of papers on the present tech 
nolog ical coolant 
moderator heat transfer reactol 


a 
knowledge ot 


chemist! and corrosion of reactol 


material section t 


include 
neavy wate! iphite beryllia 


ind liquid metal 


Introduction to Solid State Physics, 
t ( Kitte Joho VW eu So Tne 


S12 00 1956 


band theory 


World's Non-Ferrous Smelters and 
Refineries, ed. by H. G 

Quin Pre Ltd, 400 pp 
thie completel revised 
of a reference guide to the non 


Cordero 


$5 70. 


ferrou melting and refining plant 
Approxin itel O50 


compan are listed within national 


of countrie 


ind continental iVision vith 
ection devoted t i lan 


taking and projet plant 


the Sections 


e The Chicago Section held monthly 
meeting at the Chicago Bar Asso 
November 7th and Ds 
Featured peaket at the 
yvovembel ‘ Nia Stuart Me 
Director, Argonne 
Lemont, Ill 
Develop 
ment The ladu were in command 
in December 1 Mi Mercede 
Hurst, Public International 
Harvester C t lecturer 


elation on 
cember 4th 


Lain Associate 
National Laboratori 


whose 


top Ni 


e The New 
vith powder 


York Section gathered 
metallurgist in the 

metropolitan area for a Hob-Not 

meeting at the Fifth Avenue Bra 
tail on Wednesday December 5th 

Featured discussion of the eve 

Va Deva-Meta j Truce 

Bearing Material, led by J. D. Shi 

and W. V. Knopp, S-K-C 


\ late ates N 


he earch 
J Deva 
metal ngeth, low-friction 


capable of oper: 


bearing 
temperature 

oil to vol ative oll 

ind an pl Vel 
ented, aion with de cription 


commercial 


ipplication 


Niagara Frontier Section held 
its Frank J. Tone Memorial Award 
Dinner on Nove % at the Hote 


Niagar 4 N Y The 


The Montana Section |e! 
ual Great Fall meeting 


November it the Meadow 
ntry ( ) talk on The 

i Walter 
Ha & Cable ‘oO 
the featured i the pro 
followed b the mall 


e The St. Louis Section 
Hote York on Noverbe 
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thir ilt j ion in pection noted metallurgist f the Nias ember 
nterested j j 
shine irftace finis! ind rev area Mi \Ton himself wn the j pl il 
thread measurement, and automat posthumou recipient of the first id an addi on Une 2 
VMwta j f yf 7 
IZing award iwccepted it hi name } hj vi‘ j ispec ‘ 
we Drau g, delivered by A 
The t e Soviet the Carborundum Co ind dinne1 Backofen, assistant professor of met 
ri ted i id n it Ma ihusetts Institute of 
out i in roup he an addre on In 
VY rit 
Jour? October dustrial Expansio the Niagara Pechnolo il data 
1956, are ivalilable from Con Frontier by Austir Murphy ma ira inh} 
Bure 7 W. 17 Dean, School of Business Admit 
st Price ire per tration, Canisius College, Buffalo 
P or in ana of drawing ty pe up 
$12.50 pe . d its an erations and the efficienc of dray ‘ 
Satur ing a i ipe-chanping proce 


PERSONALS, 


E. J. Ripling has been appointed lat 


ACS Award Winner 


Central Rese 


Div of Continental 


r. Riplir Na 
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il catepe it the headquarters of 
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temperature braz 
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en i ciatior vith Ch 
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and proce development depart 
went, Electro Metallurgical Co., Ni 
agara Fall N. ¥ He will be joined 
by E. R. Saunders, assistant to the 
vill be in charge of 


who 
the product development laboratory 


Nelson B. Colton has left New Jer 
ey Zine Co., Palmerton, Pa., to join 
the taff of the Metal Research 
Laboratori Electro Metallurgical 
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C. Dale Dickinson is associated with 
Mallory-Sharon Titanium Corp. in 
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tendent for Consolidated Denison 
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WOrKIT it the econd Wo | Metallu il Con 
M chine Co if to be iin Ch igo, Nover 
4 ber 2-8, 1957 
enl neer for General Electri 
“4 
‘or Evendale. Ohio project x, \ 
or or with the Parker Per 
Detroit trict manager for Electro Dynanics as a 
Metal 
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ven National Lab : 
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the Frankl 
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> 3 istant ger 7 
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ervice as engineer t 
} earch Institute, Menlo Park, Calif sre Co., St 
« 
‘ - . nad now one itive vice president Lou is elected a director of the 
nd eneral manawetr of Therme Baltimore & QO} Railre ae tit 
Ca Materials Ine Palo Alto, Calif 30th annua tockholders meetir 


W. I. McInerney has resigned as su 
perintendent of the heat treating 
and cold drawing department, Cru- 
ile Steel Co. of America, Midland, 
He will continue as a consultant 


James M. Lommel is the recipient of 
International Nickel Co. Ine 

hip at Harvard for 1956-1957 

if the bachelor’s and mas- 

from Illinois Institute 
Technology, he has held the Hen 
nen Jenning Scholar hip and a 
teaching fellowship at Harvard, 
where he i pecializing solid- 


iquid reaction 


Cc. C. Whiting, who was superinten 
dent of special alloys at Electro 
Metallurgical Co Niagara, N. Y., 
Work has been appointed plant 
metallurgist at Electromet’s plant in 
Alloy, W. Va 


Theodore W. Bossert been 
named chief metallurgist of Alum 
num Co. of America, Pittsburgh. He 
oined the company in 1923 and ha 
been serving as assistant chief met- 
illurgist, metal manufacturing divi- 


ron ince 1951 


E. G. Grace, chairman of Bethlehem 
Steel Co., has resigned as president 
of the Joard of Truster Lehigh 
University Jethlehem, Pa., due to 
the expansion activities of his firm 


Norman A. Matthews has joined 
General Electric Co.’s Metallurgical 
Product Dept Detroit, a a re 

earch engineer in the field of spec 
ial inorganic material He had been 
assistant chief metallurgist with the 
American Brake Shoe Co 


Thomas H. Sadler of Atlas Powder 
Co., has been transferred from the 
Central Research Laboratory, New 
Castle, Del., to the Aquane Dept., 
Hou ton 


Thomas B. Linn, formerly with Pull 
man-Standard Car Mfg. Co., is now 
in the Engineering Research Dept 
of Standard Oil Co., Whiting, Ind 


Gerald J. Evans left the Enfield 
Rolling Mills to take a position a 
metallurgical engineer with The 

ish Aluminum Co. Ltd., London 


G. H. Silver has resigned a taff 

consultant metallurgist Titefle x Inc 

to join Detroit Controls Corp., Nor- 
ood Ma i i metallurgi 1 


Albert H. Fleitman is assistant su 
pervising engineer at the Chicago 
Works of the Crane Co 


O. Jay Myers has been named vice 
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Div teichhold Chemicals Inc., N.Y 


W. R. Smith of Kaiser Aluminum & 
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fror Chalmette La to Tacoma 
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and files of every worthwhile periodical 
are available for further research to 
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the cost of the services and represent 
a fraction of the value you receive. 


The Engineering Societies Library 
33 West 39th Street, New York 18, N.Y 
Mr. Ralph H. Phelps, Director 
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nd South Africa as a sponsor of 
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William Wraith, Sr. 


An Appreciation by 
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(Legion of 


retired execu- 


Villiam Wraith, Sr 
Member 1903), 
everal of Anaconda Co. sub- 

i affiliated con 

Calif. on Oct 


ot 63 


, died 
10th 
Born 
Mi 
hi 
and became al 
1900 After 
University of Illi- 
his B.S. degree in 
ngineering in 1894 from 
1 College of Mines and Tech 
vhich awarded him a doc 
ate in engineering in 1938 

Mr. Wraith first entered the « 
Santa Fe Railroad as an 
Fuel Dept., remaining 
re through 1896. In 1897, he be 
ime associated with the Anaconda 
yper Mining Co. as a construction 
in that capacity 
became assistant 
Anaconda Re 
later general 
‘ plant He left 
Anaconda in 191: peneral 
nternational Smelting & 


Ana 


ploy of the 


neer in it 


remaining 
when he 
iperintendent of the 


ction Work and 


ngineer 
intil 1906 


iperintendent if the 
to becorn 
managel 
Refining : i subsidiary of 
conda Copper at Salt Lake City 
transferred to the 
Anaconda Cop 
became executive vice pre 
Ande Copper Mining Co 
vhere he had full charge of the de 
ind operation of the mine 
until hi 


In 1918 he wa 


y 


Obl ot 


vt lopn ent 

ind treatment plant 
1945 

Mr. Wraith wa 

director ind Vice pre ident ot 

Greene Cananea Copper Co and for 

nty-two years ably di 

at Cananea. Under 

the yvreat Colorado 

1927 


Cananea 


retire 


elected a 


developed in 

Wat Il 
into production it first 
project and erected a mod 
ng plant and concentrator 
the large reserve of low 
in the Cananea district 
Mr. Wraith was elected 
ident and a director of 
olidated Copper 
thi po until hi 


on Cor 


i director and execu 
ident of the Chile Ex 
and the Chile Copper 


Wraith retired from 
ive duties in 1945 
iltant to Ana 


1931 to 1941 

d to its Legion 

In 1949 he re 
Dougla Gold 
nguished Achieve 
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ilso a member of 
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nin 
n t distingul 
WHEREAS, M1 


Wraitl ‘ 
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ctor of ny 
vorld; and 
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in the 
WHEREAS, he 
ig, Metallurgical and Petroleun 
of its Legion of Honor since 
1931 to 1941; and 
WHEREAS, he hi ived the 
tinguished 
be it 

Petroleum Enginee! record 
tinguished engineet! 
RESOLVED, that this Re 


meeting and @ Copy ent to the 
Nove mber 16, 1956 


olution 


Memorial Resolution 


WILLIAM WRAITH, SR. 


Willian 


troleun Eni 


Enginee! nee 
1953, and had 
Jarme 


ichievement in Nonferrou 


RESOLVED, that The American In 
vith deep sorrow the lo of this di 
friend, and member 
will be 
family of the late 


Wraith, Sr. at his home in 
1956 The American Institute 
Mee! has lost one of it 


} 
rouiw 


active life, one of the most 
and Metallurgical prote ion, an 
melting com 


arger mining and 


American Institute of Min 
1903 and a member 
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Metallurgy in 
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and be it further 
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William Wraith, Si 
AIME Board of Directors 


mining and 
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Anaconda 
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prot ional kill and 


record as a leader in the 


metallurgical profession 
the development of the 
Co ub 
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busine judgment 

Mr. Wraith 1 ury 
wife, Mi Erma Wraith 
Mr Erma Carsten of 
Calif and a son, William 


Jr., of Springfield, N. J 


ived by 
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Torrance 


Wraith 


Christopher H. Bacon (Member 
1952), a native of Essex, England 
died recently. An alumnus of Eton 
College and Cambridge University, 
he received a B.A in 
ence in 1927. Mi 
a chemist for the 


natural cl 

jacon worked a 
Branston Artificial 
Silk Co. and the Ford Motor Co. in 
England before entering the metal 
lurgical field with John Summers & 
Sor in Ch England. He was a 
Iron & Steel Institut 
ind the British Ceramic Societ and 
vas the author of a paper on silica 
brick in open hearth furnace 


member of the 


W. B. Coleman (Member 1926) died 
at Atlantic City, N. J., on Sept. 30 at 
the age of 68. He was a graduate of 
the University of Pennsylvania and 
began his career as a metallurgist 
at Midvale Steel Co., Philadelphia 
Starting in the research laboratori 
Mr. Coleman became superintendent 
of the open hearth department and 
in 1916 joined Midvale Steel & Ord 
Coatesville, Pa., a 
hearth 
peneral 


nance Co uper 
From 


uperin 


intendent of open 
1918 to 1922 he wa 
tendent for Tacony Ordnance 
Philadelphia and 
chief consultant for the 
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formed W. B. Coleman Co, Phila 
delphia, a consulting firm of metal 
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aged in metallurgical research 
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ASM he a a director of the 
Franklin Institute of Pennsylvania 
and a member of AIChE 
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